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PREFACE 
.. I 

I 
I 
I 

This document provides guidance on ttre process of designing and conducting 
technically defensible ecological risk assessments for the Superfund Program. It is intended 
to promote c[IILsistc11cy and a science-based approach within the Program and is based on the 
Proposed Guidetines for Ecological Risk Assessmm (1996a) and the Fmmework for 
€coZogicaf Risk Assessment (1992a) developed by the Risk Assessment Forum of the U.S. 
Environmental Protection Agency. When the Agency publishes its final Guidelines for 
EcoZogical Risk Assessment, this guidance will be reviewed and revised if necessary to ensure 
consistency with the Agency guidelines. 

This document is directed to the site managers (i.e.. On-Scene Coordinators [OSCs] 
and Remedial Project Managers [RpMs]) who are legally responsible for the management of a 
site. However, it is anticipated that ecological risk assessors, as well as other individuals with 
input to the ecological risk assessment, will use this document. 

I 
I 
I 
I 
8 
I 
1 
1 

Ecological risk assessment is an integral part of the Remedial Investigation and 
Feasibility Study (RVFS) process, which is designed to support risk management decision- 
making for Superfund sites. The RI component of the process characterizes the nature and 
extent of contamination at a hazardous waste site and estimates risks to human health and the 
environment posed by contaminants at the site. The FS component of the process develops 
and evaluates remedial options. Thus, ecological risk assessment is fundamental to the RI 
and ecological considerations are also part of the FS process. 

- 

I 
This document is intended to facilitate defensible site-specific ecological risk 

assessments. It is not intended to detersnine the appropriate scale or complexity of an 
ecological risk assessment or to direct the user in the selection of specific protocols or 
investigation methods. Professional judgment is essential in designing and determining the 
data needs for any ecological risk assessment. However. when the process outlined in this 
document is followed, a technically defensible and appropriately scaled site-specific 
ecological risk assessment should result. 

Ecological risk assessment is an interdisciplinary field drawing upon environmental 
toxicology, ecology, and environmental chemistry, as well as other areas of science and 
mathematics. It is important that users of this document understand that ecological risk 
assessment is a complex, non-linear process, with many parallel activities. The user should 
have a basic understanding of ecotoxicology and ecological risk assessment and read through 
this document in its entirety prior to engaging in the ecological risk assessment process. 
Without the basic understanding of the field and of this guidance, the reader might not 
recognize the relationships among different components of the risk assessment process. 

To assist the user in interpreting this guidance document, three iIlustrations of 
planning an ecological risk assessment for a hazardous waste site are provided in- 

1 
I 
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Appendix A. These are simplified, hypothetical examples that demonstrate and highlight 
specifx points in the ecological risk assessment process. These examples are incomplete &d 
not intended to pnsent a thorough discussion of the ecological or ecotoxicological issues that 
would exist at an actual site. Instead, they are intended to illustrate the fmt five steps of the 
process, which precede a full ecological field investigation. Excerpts from the three examples 
are included in the guidance document as "Example" boxes to illustrate specific points. The 
user is encouraged to read the three examples in Appendix A in addition to the Example 
boxes within the guidance document itself. 

Ecological risk assessment is a dynamic field, and this document represents a process 
framework into which changes in ecological risk assessment approaches can readily be 
incorporated. Four appendices are included with this document; additional appendices may be 
developed to address specific issues. 

This document supersedes the U.S. =A's (1989b) Risk Assesmenf Guidance for 
Supeqknd, VoLume 2: Environmental Evaluation Manual as guidance on how to design and 
conduct an ecological risk assessment for the Superfund Program. The Environmental 
Evduarion Manual contains useful infomation on the statutory and regulatory basis of 

.ecological assessment, basic ecological concepts, and other background information that is not 
repeated in this document. 

xvi 
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OrnODUCBlON: 
. ECOLOGICAL RISK ASSESSMENT FOR SUPERFUND 

PURPOSE 

This document provides guidance on how to design and conduct consistent and 
technically defensible ecologd risk assessments for the Superfund Program. It is based on 
the Proposed Guidelinesfor Ecological Risk Assessment (1996a) and the Framework for 
Ecological Risk Assessment (1992a) developed by the Risk Assessnreslt Farum of the U.S. 
Environmental Protectian Agency (US. EPA or the Agency). when the Agency fiaalizes its 
(1996a) Proposed Grridelines for Ecological Risk Assessment* this guidance will be reviewed 
and revised if necessary to ensure consistency with the Agency gaidtlines. 

This document is directed to the site managers (Le., On-Scene Coordinators [OSCs] 
and Remedial Pmject Managas [RPMS]) who are legally responsible for managing site 
activities. However, it is anticipated that the ecological risk assessors, as well as all other 
individuals involved with ecological risk awssments, will use this document 

SCOPE 

This document is intended to facilitate defensible and appropriately-scaled site-specific 
ecologcal risk assessments. It is not inzended to dictate the scale, complexity, protocols, data 
needs, or investigation methods for such assessments. Professional judgment is required to 
apply the process outlined in this document to ecological risk assessments at specsc sites. 

BACKGROUND 

Superfund Program 

The Comprehensive Environmental Response, Compensation, and Liability Act of 
1980 (CERCJA or Superfund), as amended by the Superfund Amendrnents and 
Reauthorization Act of 1986 (SARA), authorizes the U.S. EPA to protect public health and 
welfare and the environment from the release or potential release of any hazardous substance. 
pollutant, or contaminant. U.S. EPA’s Superfund Program carries out the Agency’s mandate 
under C E R W S A R A .  

The primary regulation issued by US. EPA’s Superfund Program is the National Oil 
and Hazardous Substances Pollution Contingency Plan (NCP). The NCP calls for the 
identification and mitigation of environmental impacts (such as toxicity, bioaccumulation, 
death, reproductive impairment, growth impairment, and loss of critical habitat) at hazardous 
waste sites, and for the selection of remedial actions to protect the environment-In addition, 

I- 1 
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numerous other federal and state laws and regulations concerning environmental protection.. 
can be designated under Superfund as "applicable" or "relevant and appmp~iate" requirements 
(ARARS) for particular sites. Compliance with these other laws and regulations generally 
requires an evaluation of site-related ecological effects and the measures necessary to mitigate 
those effects. - 

An important part of the NCP is the 
requirement for a Remedial Investigation 
and Feasibility Study (RYFS) (see Highlight 
1-1). The RVFS is an analytical process 
designed to support risk management 
decision-making for Superfund sites. The 
RI component of the process characterizes 
the nature and extent of contarnilration at a 
hazardous waste site and estimates risks to 
human health and the environment posed by 
contaminants at the site. The FS component 
of the process develops and evaluates 
remedial options. 

Although U.S. €PA has established 
detailed guidelines for human health risk 
assessment in the Supcrfund program (US. 

Risk asscsmmt is an integrat part of 
theRVFS. ThethrcepartsoftheRIanz(1) 
charactenzah - 'on of the MWC and extent of 
con tamination; (2) ecological risk 
assessment; and (3) human health risk 
assessment. The investigation of the ~ t p r e  

and extent of contamination determines the 
dremicals present on site as well as their 
distribution and concenmtions. The 
ecological risk and human health risk 
assessments determine the potential for 
adverse &ecrs to the environment and 
human health, respectively. 

EPA, 1989a 1991a.b)' similarly detailed guidelines for site-specific ecological risk assessment 
do not exist for the Superfund program. Risk Assessment Guidrznce for Supe@md, Volume 2: 
Environmental Evrrlurrrion Manual (US. EPA, 1989b) provides conceptual guidance in 
planning studies to evaluate a hazardous waste site's "environmena resources" (as used in 
the manual, the phrase "environmental resources" is largely synonymous with "ecological 
resources"). U.S. EPA also is publishing supplemental information on specific ecological risk 
assessment topics for Superfund in the ECO Updare series (U.S. EPA, 199%. 1994b,c,d.e, 
1992b.c.d. 1991c.d). However. those documents do not describe an overall, step-by-step 
process by which an ecological risk assessment is designed and executed. The Agency's 
Framework for Ecological Risk Assessment (U.S. P A ,  1992a) provides a basic structure and 
a consistent approach for conducting tcological risk assessmentsI but is not intended to 
provide program-specific guidance. The Guidelines for Ecological Risk Assessment, currently 
being developed by the Agency's Risk Assessment Forum (19%a), will expand on the 
Frumework, but again, will not provide program-specific guidance. 

This dacument outlines a Step-by-step ecological risk assessment process that is both 
specific to the Superfund Program and consistent with the more general U.S. EPA Framework 
and guidelines under development. While the Agency's Framework and future Agency-wide 
ecological risk assessment guidelines ae not enforceable regulations, the concepts in those 
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documents are appropriate to Stlperfund. The concepts in the published Fmmewonk have 
been incorporated into this dowment with minimal modification. The definitions of terms.. 
used in this ecological risk assesmat guidance for Superfund (and listed in the Glossary) are 
consistent with the definitions in the U.S. €PA Frumework documcnt unless noted otherwise. 

DEnNmON OF ECOL0GDCAL RISK ASSESSMEfm 

L9.S. EPA " F p a u n ~ ~ d ~ "  Document 

Ecological risk assessment is defmed in the Frumewor& as a process that evaluates the 
likelihood that adverse ecological effects am occming or may occur as a result of exposure 
to one or more stressors (U.S. €PA, 1992a). The Fnrmcwork defines a stressor as any 
physical, chemical, or biological entity that can induce an adverse ecological reqxmse. 
Adverse responses can range from sublethal chronic effects in individual organisms to a loss 
of ecosystem function. Althougb smssors can be biological (e+, introduced species), only 
chemical or physical stressors will be addressed in this document. because these are the 
stressors subject to risk management decisions at Superfund sites. 

Superfund Program 

The phrase "ecological risk assesmat," as used specifically for the Superfund 
Program in this document, refers to a qualitative and/or quantitative appraisal of the actual or 
potential impacts of contaminants from a hazardous waste site on plants and animals other 
than humans and domesticated species. A risk does not exist unless: (1) the stressor has the 
ability to cause one or more adverse effects, and (2) it co-occurs with or contacts an 
ecoiogical component long enough and at a sufficient intensity to elicit the identified adverse 
effect. 

Th'E ECOLOGICAL RISK ASSESSMENT PROCESS 

U.S. EPA "Fmmework" Document 

The Framework describes the basic elements of a process for scientifically evaluating 
the adverse effects of stressors on ecosystems and components of ecosystems. The documtnt 
describes the basic process and principles to be used in ecological risk assessments conducted 
for the US. EPA, provides operational definitions for terms used in ecological risk 
assessments, and outlines basic principles around which program-specific guidelines for 
ecological risk assessment should be organized. 

The Framework is similar to the National Research Council's (NRC) paradigm for 
human health risk assessments (NRC, 1983) and the m m  recent NRC ecological risk 
paradigm (NRC, 1993). The 1983 NRC paradigm consists of four fundamental phases: 
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hazard identification, dose-response assessment, exposure assessment, and risk . .  
characterization. The Frumework differs from the 1983 NRC paradigm in a few ways: 

e Problem formulation is incorporated into the beginning of the process to 
determine the focus and scope of the assessment; 

0 Hazard identification and dose-response assessment are combined in an 
ecological effects assessment phase; and 

0 The phrase "d~~e-rcspon~e" is replaced by "stressor-response" to emphasize the 
possibility that physical changes (which are not measured in "doses") as well as 
chemical conramination can stress tcosystesls. 

Moreover, the Framework  emphasize!^ the parallel nature of the ccologid effects and 
exposure assessments by joining the two assessments in an analysis phase between problem 
formulation and risk characterization, as shown in Exhibit 1-1. 

During problem foxmulation, the risk assessor establishes the goals, breadth, and focus 
-of the assessment (US. EPA, 1992a). As indicated in the Framework, problem formulation is 
a systematic planning step that identifies the major factors to be considered and is linked to 
the regulatory and policy contexts of the assessment. Problem formulation includes 
discussions between the risk assessor and risk manager, and other involved parties, to iden- 
the stressor characteristics, ecosystems potentially at risk, and ecological effects to be 
evaluated. During problem fonnulation, assessment and measurement endpoints for the 
ecological risk assessment are identified, as described below. 

The Agency defines assessment endpoints as explicit expressions of the actual 
environmental values (e-g., ecological tesources) that are to be protected (U.S. EPA. 1992a). 
Valuable ecological resources include those without which ecosystem function would be 
significantly impaired, those providing critical resources (ag., habitat, fisheries), and those 
perceived as valuable by humans (e.g., endangered p i e s  and other issues addressed by 
legislation). Because assessment endpoints focus the risk assessment design and analysis, 
appropriate selection and definition of these endpoints are critical to the utility of a risk 
assessment. 

Assessment endpoints should relate to statutory mandates (e.g., protection of the 
environment), but must be specific enough to guide the development of the risk assessment 
study design at a particular site. Useful assessment endpoints defme both the valued 
ecological entity at the site (e.g., a species, ecological resource, or habitat type) and a 
characteristic(s) of the entity to protect (e.g., reproductive success, production per unit area, 
areal extent). Highlight I-2 provides some examples of specific assessment endpoints related 
to the general god of protecting aquatic ecosystems. 

. 
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g(#IUBW I-I 
Ecological Risk Assessment Framework (US. P A ,  I s m )  

’ 

I Discussion I Betweenthe , 

Risk Manager 
(Planning) 

Risk Assessor I and 

EcoIogicaU Risk Assessment 

Discussion Between the 
Risk Assessor and IRik Manager 
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A measurement endpoint is a measurable biological response to a stressor that can be 
relared to the valued charactens * tic chosen as the assessment endpoint (US. EPA, 1992a; 
although this definition may change- 
US. EPA, 1996a). Sometimes, the 
assessment endpoint can be measured 
directly; usually, however, an assessment 
endpoint encompasses too many species or 
species that are difficult to evaluate (e.g., 
top-level predators). In these cases, the 
rneasummnt endpoints are different from 
the assessment endpoint, but can be used to 
make infertnces abeut risks to the 
assessment endpoints. For example, 
measures of responses in particularly 
sensitive species and life stages might be 
used to infer responses in the remaining 
species and life stages in a specxfic 
community. Such inferences must be 
clearly described to demonsuate! the link 
between measurement and assessment 
endpoints. Highiight 1-3 provides examples 
of measurement endpoints. 

H16HBIGHT 0-2 
Example Assessment Endpoints 

0 

0 

Sustained aquatic community 
s t ~ c m ~ .  including species 
composition and reiative abundance 
and trophic strum. 

Sufficient rates of survival. growth, 
and reproduction to sustain 
populations of canrivores typical for 
the area 

0 Sustained fishery diversity and 
abundance. 

Measures of exposure also can be used to make inferences about risks to assessment 
endpoints at Superfund sites. For example, measures of water concentrations of a 
contaminant can be compared with concentrations known from the literanrre to be lethal to 
sensitive aquatic organisms to infer something about risks to aquatic community structure. As 
a consequence. for purposes of this guidance, measurement endpoints include both measures 
of effect and measures of exposure. 

A product of probiem formulation is 
a conceptual model for the ecological risk 
assessment that describes how a given 
stressor might affect ecological components 
of the environment. The conceptual model 
also describes questions about how stressors 
affect the assessment endpoints, the 
relationships among the assessment and 
measurement endpoints, tbe data required to 
answer the questions, and the methods that 
will be used to analyze the data (U.S. €PA, 
1992a). 

HlGHBIGH" 1-3 
Example Measurement Endpoints 

0 Community analysis of benthic 
maaoinvatebrates. 

Survival and growth of fish fiy in 
respome to exposure to copper. 

Community stnrcture of fishcry m 
proximity to the site. 

0 

0 

1 
I 
I 
I 
8 
B 
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Superfund Rogssam 

The goal of the ecological risk assessment process in the Superfund Program is to 
provide the risk i n f o d o n  necessary to Bssist risk managers at Sqerfimd sites (OSCs and 
WMs) in making infonned decisions regarding substances designated as hazardous under 
CERCLA (see 40 CFR 302.4). The specific objectives of the process, as stated in OSWER 

the environment from a hazardous substance release; and (2) to identify cleanup levels that 
would protect those natural fesources from risk Threats to the mvironmcnt include existing 
ad- ecological impacts and the risk of such impacts m the fuarre. Highlight 1-4 provides 

Directive 9285.7-17, are: (1) to identify and charamme - thecumrrtandpotenriaithreatsto 

an overview of ecoiogid risk asesmult m the superfund progam. 

Problem fornulation is the most critical stcp of an ecological risk assessment and must 
precede any aftempt to design a site investigation and analysis plan. To ensure that the risk 
manager can use the results of an ecological risk assessment to inform risk management 
decisions for a Superfund site, it is important that all involved parties contribute to the 
problem fonnuiation phase and that the risk manager is clearly identified to all parties. These 
parties include the remedial project manager (RFM), who is the risk manager with ultirnate 
responsibility for the site, the ecological risk assessment team, the Regional Superfund 
Biological Technical Asshame Group (BTAG), potentially responsible parties (PRPs), 
Natural Resource Trustees, and stakeholders in the natural resources at issue (e.g., local 
communities, state agencies) (US. EPA, 1994% 1995b). The US. EPA's (1994a) €iigewater 
Consensus on an €PA Strategy for E~osystem Protection in particular calls for the Agency to 
develop a "place-drivcn" orientation, that is, to focus on the environmental nceds of specific 
communities and ecosysfw~s, rather than on piecemeal program marrdates. Participation in 
problem formulation by all involved parties helps to achieve the placc-dtiven focus. 

Issues such as restoration, mitigation, and replacement are important to the Superfund 
Program, but are reserved for investigations that might or might not be included in the RI 
phase. During the risk m a n a g k t  process of selecting the preferred remedial option leading 
to the Record of Decision (ROD), issues of mitigation and restoration should be addressed. 
In selecung a remedy, the risk manager must also consider the degree to which the remedial 
alternatives reduce risk and thereby also reduce the need for restoration or mitigation. 

A natural resource damage assessment (NRDA) may be conducted at a Superfund site 
at the discretion of Natural Resource Trustees for specific resources associated with a site. 
An ecological risk assessment is a necessary step for an NRDA, because it establishes the 
causal link between site contaminants and specific adverse ecological effects. The risk 
assessment also can provide information on what residual risks are likely for different 
remediation options. However, the ecological risk assessment does not constitute an NRDA. 
The NRDA is the sole responsibility of the Natural Resource Trustees, not of the US. P A ;  
therefore. NRDAs will not be addressed in this guidance. For additional information on the 
role of Natural Resource Trustees in the Superfund process, see ECO Updare Volume I ,  
Number 3 (US. EPA, 1992~). 
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POUGHLBGHT 14 
EcoiogicaR Impact rand Risk Assessment 

Ecological risk assessment within the Supcrfand Program can be a risk evaluation 
(potentially predictive), impact evaluation, or a combination of those approaches. The 
functions of the ecological risk assessment are to: 

(3) 

Dacument whether actual or potential ecological risks exist at a site; 

Identify which contaminants prrscnt at a site pose an ecological risk, and 

Genesate data to be used in evaluating cleanup options. 

Ecological risk asesmem can have their greatest influence on risk management at a site in 
the evaluation and selection of site remedies. The ecological risk assessment should ident8y 
contamination levels that bound a threshold for adverse effects on the assessment endpoint. 
The threshold values provide a yardstick for evaluating the effectiveness of remedial options 
and can be used to set cleanup goals if appropriate. 

To justify a site action based upon ecological conccms. the ecological risk ascsment 
must establish that an actual or pot& ecobgical threat exists at a site. The potential for 
(i-e., risk of) impacts can be the threat of impacts from afpturr release or redistribution of 
contaminants, which could be avoided by taking actions an "bot sposs" or sour# areas. Risk 
also can be v i e d  as the Wihood drat arrent impacts are accuning (e.&, diminished 
population size). although this can be difficult to For utampie. it may not be 
practical or technically possible to dacument existing ecological impacts, either due to limited 
technique resolution. the localized namrr of the acmal impact. or limitations resulting from 
the biological or d o g i c a l  constraints of the field measurrmenu (e.& meamwmm 

a "risk" exists. Evaluating a gradient of existing impacts along a gxadicnt of coxmimimion 
can provide an stmssor-respome assessment that he€ps to identify cleanup levels. 

endpoints, exposure point evaluation). Acatally demanstrating existing impacts confilms that 

As noted above. the ecalogical risk asscssmtllt should provide the information needed 
to make risk management decisions (eg., to select the appropriate site remedy). A 
management option should not be selected first. and then the risk assessment tailored to 
justify the option. 

This Guidance Document 

This ecological risk assessment guidance for Superfund is composed of eight steps 
(see Exhibit 1-2) and several sciedfkhmagement decision poinu (SMDPs) (see Exhibit 
1-3). An SMDP requins a meeting between the risk manager and risk asssment team to 
evaluate and approve or redirect the work up to that point. (Consultation with the Regional 
BTAG is recommended for SMDPs (a) through (d) in Whit 1-3.) The p u p  decides 
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EXHIBrn b2 
Eight-step Ecological Risk Assessment Process for Superfund .. 

* SiVi i t  

0 RikCalculation 

STEP 3: PROBLEM FORMULATION 

L 
- -.I 

STEP 4: STUDY DESIGN AND DOO PROCESS 

Work Plan and Sampling and Analysis Plan 

0 LinesofEvidence 
Measurement Endpoints 

SMDP 1 
STEP 5: VERIFICATION OF Fl 

SAMPLING DESIGN 

STEP 6: SITE INVESTIGATION AND 
DATA ANALYSIS 
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EXHOBIT 1-3 
Steps in the EcologicaU Risk Assessment Pmcess 

and Corresponding Decision Points in the Superfund Process - 
Steps md ScienlffBdManagement Deckion Points (SMDPs): 

I .  SCt.eCning-Leve1 Problem Fornulation and Ecological 
Effects Evaluation 

2. 
- 
3. 

4. 

5. 
- 

6. 

7. 

- 8. 

Screening-Level Preliminary Exposure Estimate and 
Risk calculation 

Baseline Risk Assessment Problem Formulation 

Study Design and Data Quality Objectives 

Field Verification of Sampling Design 

Site Investigation and Analysis of Exposure 
and Effects 

Risk characterira tion 

Risk Management 

Corresponding Decision Points in the Superfund Process: 

(a) Decision about whether a full ecological risk assessment 
is necessary. 

Agreement among the risk assessors, risk manager, and 
other involved panies on the conceptual madel, 
including assessment endpoints, exposure pathways and 
questions or risk hypotheses. 

Agreement among the risk ~ S S ~ S S O K  and risk manager on the 
measurement endpoints, study design, and data int#pretation 
and analysis. 

Signing approval of the work plan and sampling and analysis 
plan for the ecologd risk assessment. 

Signing the Record of Decision. (e) 

[SMDP] only if change to the sampling and analysis p h  is nectssary. 

SMDP (a) 

SMDP (b) 

SMDP (c) 

SMDP (d) 

SMDP (e) 

. .  
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whether or not the risk assessment is proceeding in a direction that is acceptable to the risk 
assessors and manager. The SMDs include a discussion of the uncertainty associated with. 
the risk assessment, that might be reduced, if necessary, with increased effort. SMDPs are 
sigaificant communication points which should be passed with the consensus of all involved 
parties. The risk managex should expect deliverables that document specific SMDPs as 
outbed in Exhibit 1-4. This approach is intended to minimi7P. both the cost of and time 
reqired for the S u p d u d  risk assessment proctss. 

This guidance provides a technically valid approach for ecological risk assessments at 
hazardous waste sites, although other approaches also can be valid. Thc discipline of 
ecological risk assessment is dynamic and continually evolving; the 8sscssments rely on data 
that are complex and sometimes ambiguous Thus, if an approach other than the one 
described in this guidance document is used, there must be clear documentation of the 
process, including process design and interpretation of the results, to e m m  a technically 
defensible assessment. Clear documentation, consismcy, and objectivity in the assessment 
process are necessary for the Superfund Pmgmn. 

An interdisciphary team including, but not limited to, biologists, ecologists, and 
environmental toxicologists, is needed to design and implement a successful risk assessment 
and to evaluate the weight of the evidence obtained to reach conclusions about ecological 
risks. Some of the many-points at which the Superfund ecological risk assessment process 
requires professional judgment include: 

E x m m  MI 
Ecological Risk Assessment Belivetables 

for the Risk Manager 

If the process stops at the end of Step 2 

(1) Full documentation of the screening-level assessment and SMDP 
the assessmcm. 

Of the process continues to step 3: 

Dt to continue 

(1 ) Documentation of the conceptual model, including aEpcumcnr endpoints, 
exposure pathways, risk hypotheses. and SMDP at the end of Step 3. 

(2) The approved and signed work plan and sampling and analysis pian. 
documenting the SMDPs at the end of Steps 4 and 5. 

(3) The baseline risk assessment documemation (including documentation of the 
screening-level assessment Uscd in the baseline aEcecmrent) developed in Step 7. 

- 
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0 Dctexmining the level of effort needed to assess ecological risk at a particular 
site; 

9 

0 

Determining the relevance of available data to the risk assessment; 

Designing a conceptual model of the ecological threats at a site and measures 
to assess those threats; 

- 

e Selecting methods andmodels to be used in the various components of the risk 
assessment; 

0 Developing assumptions to fill data gaps for toxicity and exposure assessments 
based on logic and scientific principles; and 

0 Interpreting the ecological significance of observed or predicted effects. 

The lead risk assessor should coordinate with appropriate pmfessionais to make many of these 
decisions. Speaalists are needed for the more technical questions concerning the risk 

. assessment (e.g., which model, which assumptions). 

This guidance document focuses on the risk assessment process in Superfund and does 
not address all of the issues that a risk manager will need to consider. After the risk 
assessment is complete, the risk manager might require additional professional assistance in 
interpreting the implications of the baseline ecological risk assessment and selecting a 
remedial option. 

The risk assessment process must be StNCtwed to ensure that site management 
decisions can be made without the need for repeated studies or delays. The first two steps in 
the assessment process are a streamlined version of the complete Framework process and are 
intended to allow a rapid determination by the risk assessment team and risk manager that the 
site poses no or negligible ecological risk. or to identify which contaminants and exposure 
pathways require further evaluation. Steps 3 through 7 are a more detailed version of the 
complete Framework process. 

The ecological risk assessment process should be coordinated with the overall FU/FS 
process to the extent possible. Overall site-assessment costs are minimized when the needs of 
the ecological and human health risk assessments are incorporated into the chemical sampling 
program to determine the nature and extent of contamination during the RI. For sites at 
which an FU has not yet becn planned or conducted, Exhibit ES illustrates the relationship 
between the eight ecological risk assessment steps and the overall Superfund process and 
decision points. For older sites at which an RI was conducted before an ecological risk 
assessment was considered. the ecological risk assessment process should build on the 
information already developed for the site. 
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FROM: 
* Preliminary Assessment 
0 Sitelnspecfion 

NPLLkfing 

I 

EXHUBIT 0-5 
Eco!ogical Risk Assessment in the RBIlFS Process 

I Remedial Imestigation Feasibility Study 

SREENING 
IECOLOGICAL RISK 

ASSESSMENT 

(STEPS1 a2) I 
FIELD 

VERIFICATION 

FORMULATION AND 
STUDY DESIGN 

Establish 
Remedial 
ObieCl- -r! 

ANALYSIS OF 
EXPOSURE AND EFFECTS 
RISK CHARACTERlZATlON i (STEPS 6 Eh 7 )  



It is important to realize that this eight-step approach is not a simple linear or . .  
sequential process. The order of actions taken will depend upon the stage of the RUFS 
atwhich the site is currently, the amount and types of site information available, as well as 
other factors. The process can be iterative, and in some iterations, certain individual steps 
might not be needed. In many cases, it might be appropriate and desirable to conduct several 
steps concurrently. 

Tasks that should be accomplished in each of the eight steps in Exhibits 1-2 and 1-3 
are described in the eight following sections. The eight sections include example boxes based 
on the three hypothetical Superfund sites in Appendix A as well as exhibits and highlight 
boxes. 

I 

E 
U 
I 

a 
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. .  

The screening-level problem formulation and ecological effects evaluation is 
part of the initial ecological risk scredng asesment. For this initial step, it is likely 
that site-specific information for determining the nature and extent of contamhatiion 
and for charactenzln . g ecological receptors at the site is limited. This step includes all 
the functions of problem farmulation (more fully described in Steps 3 and 4) and 
ecological effects anaIysis, but on a screening level. The results of this step will be 

risk calculation in used in conjunction with exposure estimates in the prehmmy 
step 2. 

. .  

1 .I 

Step 1 is the screening-level problem formulation process and ecological effects 
evaluation (Highlight 1-1 defines screening-level risk assessments). Consultation with the 
BTAG is recommended at this stage. How to brief the BTAG on the setting, history, and 
ecology of a site is described m ECO Updote Volume 1, Number 5 (US. EPA, 1992d). 
Section 12 describes the screening-level problem formulation, and Section 1.3 describes the 
screening-level ecological effects evaluation. Section 1.4 summarizes this step. 1 

1 l2 SCREENING-LEVEL PROBLEM FORMULATQON 

For the screening-level problem formulation, the risk assessor develops a conceptual 

1 model for the site that addresses five issues: 

I 
1 

I 

1 

(1) Environmental setting and contaminants known or suspected to exist at the site 
(Section 1-2.1); 

(2) Contaminant fate and transport mechanisms that might exist at the site (Section 
1-22); 

(3) The mechamsms of ecotoxicity associated with contaminants and likely categories 
of receptors that could be affected (Section 1.2.3); 
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(4) What complete exposure 
pathways might exist at the site 
(a complete exposure pathway is 
one in which the chemical can 
be traced or expected to travel 
from the source to a receptor 
that can be affected by the 
chemical) (Section 1.2.4); and 

(5) Selection of endpoints to Screen 
for ecological risk (Section 
1-23. 

1.2.1 Envimnmental Setting and 
Contaminants at the Site 

To begin the screening-level 
problem formulation, there must be at least 

.a  rudimentary knowledge of the potential 
environmental setting and chemical 
contamination at the site. The first step is 
to compile information from the site history 
and from reports related to the site, 
including the Preliminary Assessment (PA) 

.. 
HIGHUGHK 1-1 

ScreeniaogJewd Risk Assessments 

Screening-level risk assess men^ are 
simplified risk assessments that can be 

values for parameters for which data are 
laddng. At the Screening levei. it is 
imponant to minimize the chances of 
concluding that there is no risk when in fact 
a risk exists. Thus, for exposure and toxicity 
parameters for wbich site-specific i n f d o n  
is lacking, assumed values should 
consistently be biased in the direction of 
overestimating risk. This ensures that sites 
that might pose an ecological risk are studied 
further. Without this bias, a rcreening 
evaluation could not provide a defensible 
conclusion that negligible ecological risk 
exists or that certain contaminaats and 
exposure pathways can be eliminated from 
consideration. 

conducted with limited data by assuming 

or Site Investigation (SI). The second step is to use the environmental checklist presented in 
Representative SampLing Guidance Document. Volume 3: Ecological (U.S. EPA, 1997; see 
Appendix B) to begin characteTm - 'ng the site for problem formulation. Key questions 
addressed by the checklist include: 

0 

0 

0 

0 

What are the on- and off-site land uses (e.g.. industrial, residential, or 
undeveloped; current and future)? 

What type of facility existed or exists at the site? 

What are the suspected contaminants at the site? 

What is the environmental setting. including natural areas (e.g.. upland forest, 
on-site stream, nearby wildlife refuge) as well as disturbed/man-made areas 
(e.g., waste lagoons)? 

Which habitats present on site are potentially contaminated or otherwise 
disturbed? 
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0 Has contamhation migrated from source areas and resulted in "off-site" 
impacts or the threat of impacts in addition to on-site threats or impacts? - .  

These questions should be a n s w d  using the site reports, maps (e.g. U.S. Geological 
Survey, National Wetlands Inventory), available aerial photographs, communication with 
approlJliate agencies (e.g., U.S. Fish and Wildlife Service, National Oceanic and Atmospheric 
Administration, State Natural Heritage Programs), and a site visit Activities that should be 
conducted during the site Visit include: 

f4 

0 

0 

0 

0 

0 

Note the layout and topography of the site; 

Note and describe any water bodies and wetlands; 

Identify and map evidence indicating contamhation or potential contaminaton 
(e-g., areas of no vegetation, runoff gullies to surface waters); 

Describe existing aquatic, terrestrial, and wetland ecological habitat types (e.g.. 
forest, old field), and estimate the area covered by those habitats; 

- 
Note any potentially sensitive environments (see Section 1.2.3 for examples of 
sensitive envkmmeats); 

Describe and, if possible, map soil and water types, land uses, and the 
dominant vegetation species present; and 

Record any observations of animal species or sign of a species. 

Mapping can be useful in establishing a "picture" of the site to assist in problem 
formulation. The completed checklist (U.S. EPA, 1997) will provide information regarding 
habitats and species potentially or actually present on site, potential contaminant migmion 
pathways, exposure pathways, and the potential for non-chemical stresses at the site. 

After finishing the checklist, it might be possible to determine that present or future 
ecological impacts are negligible because complete exposure pathways do not exist and could 
not exist in the future. Many Superfund sites are located in highly industrialized areas where 
there could be few if any ecological receptors or where site-related impacts might be 
indistinguishable from non-site-related impacts (see Highlight 1-2). For such sites, 
remediation to reduce ecological risks might not be needed. However, all sites should be 
evaluated by qualified personnel to determine whether this conclusion is appropriate. 

Other Superfund sites are located in less disturbed areas with protected or sensitive 
environments that could be at risk of adverse effects from contaminants from the site. State 
and federal laws (e.g.. the Clean Water Act, the Endangered Species Act) designate certain 
types of environments as requiring protection. Other types of habitats unique tocertain areas 

1-3 



also could need special consideration in the risk 
assessment (see Section 1.2.3). 

1.22 Contaminant Fate and Transport 

During problem formulation, pathways 
for migration of a contaminant (e.g., windblown 
dust, surface water runoff, erosion) should be 
identified. These pathways can exhibit a 
decreasing gmhent of contamination with 
increasing distance from a site. There are 
exceptions, however, because physical and 
chemical characteristics of the media ais0 
influence contaminant distribution (e.g., the 
pattern of sediment deposition in streams varies 
depending on stream flow and bottom 
C- ' 'cs). For the screening-level risk 
assessment, the highest contaminant 
concentrations measured on the site should be 
documented for each medium. 

- 

12.3 Ecotoxicity and Potential Receptors 

Many hazardous waste sites exist 
in c u m t l y  or historically industrialized 
or urbanized areas. In these instances, it 
can be difficult to distinguish betwemi 
impacts related to contaminants from a 
panicular site and impacts related to 
non-contaminant spessors or to 
contamhnts from other shes. However, 
wen in these cases it could be 
"YpNPnarc to take some remedial 
actions based on ecological risks. These 
actions might be limited to source 
removal or might be more extensive. 
An ecological risk assessment can assist 
the risk manager in determining what 
action. if any, is apppnate. 

Understanding the toxic mechanism of a contaminant helps to evaluate the importance 
of potential exposure pathways (see Section 1.2.4) and to focus the selection of assessment 
endpoints (see Section 1.2.5). Some contaminants, for example, S e c t  primarily vertebrate 
animals by interfering with organ systems not found in invertebrates or plants (e.g., distal 
tubules of vertebrate kidneys, vertebrate honnone systems). Qther substances might affect 
primarily certain insect groups (e.g., by interfering with hormones needed for metamorphosis), 
plants (e-g., herbicides), or other groups of organisms. For subsmaces that affect, for 
example, reproduction of mammals at much lower environmental exposure levels than they 
affect other groups of organisms, the screening-level risk assessment can initially focus on 
exposure pathways and risks to mammals. Example 1-1 illustrates this point using the PCB 
site example provided in Appendix A. A review of some of the more recent ecological risk 
and toxicity assessment literature can help identifv likely effects of the more common 
contaminants at Superfund sites. 

An experienced biologist or ecologist can determine what plants. animals. and habitats 
exist or can be expected to exist in the area of the Superfund site. Exhibit 1-1, adapted from 
the Superfund Hazard Ranking System, is a partial list of types of sensitive environments that 
could require protection or special consideration. Information obtained for the environmental 
checklist (Section 12.1). existing information and maps, and aerial photographs should be 
used to identi9 the presence of sensitive environments on or near a site that might be 
threatened by contaminants from the site. 

I 
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€xAMPLE 1-1 
Ecotoxicity-PCB Site 

Some FCBs are reproductive toxins in raammal~ (Ringer et al, 1972; Aulerkh et al, 
1985; Wren et al., 1991; #armin and Rxnger, 19%). When ingested, they induce (Le.. increase 
concentrations and activity of) enzymes m the liver, which might Sect the metabolism of some 
steraid honnones (Rice and O'Keefe, 1995). whatever the mechanism of adan, several 
physiological functions that are controlled by steroid hormones can be altered by the exposure 
of mammals to certain PCBs, and reproduction appears to be the most sensitive endpoint for 
pcB toxicity m mammals (Rice and O'Keefe, 1995). Given this information, ttre screuing 
ecological risk -t should include potential exposme pathways for mammals to PCBs 
that a reproducuve toxins (see Example 1-2). 

12.4 Complete IExporsra~e Pathways 
- 

Evaluating potential exposwe pathways is one of the primary tasks of the screening- 
level ecological characterization of the site. For an exposure pathway to be complete, a 
contaminant must be able to travel from the source to ecological receptors and to be taken up 
by the receptors via one or more exposure routes. (Highhght 1-3 defm expsure pathway 
and exposure mute.) Ident@ing complete expure  pathways prior to a quantitative 
evaluation of toxicity allows the assessment to focus on only those contaminants that can 
reach ecological receptors. 

Different exposare mutes are important for different groups of organisms. For 
terrestrial animals, three basic exposure mutes need to be evaluattd: inhalation, ingestion, 
and dermal absorption. For tentstrial plants, root absorption of contaminants in soils and leaf 
absorption of contaminants evaporating from the soil or deposited on the leaves are of 
concern at Superfund sites. For aquatic animals, direct contact (of water or sediment with the 
gills or integument) and ingestion of food (and sometimes sediments) should be considered. 
For aquatic plants. direct contact with water. and sometimes with air or sediments, is of 
primary concern. 

The most likely exposure pathways and exposure routes ais0 are related to the physical 
and chemical properties of the contaminant (cg., whether or not the contaminant is bound to 
a matrix, such as organic carbon). Of the basic exposure mutes identified above, more 
information generally is available to quantify exposurr levels for ingestion by terrestrial 
animals and for direct contact with water or sediments by aquatic organisms than for other 
exposure routes and receptors. Althougb other exposure routes can be important, more 
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critical habitat for Fcdcral designated endangered or thmatcd Specrcs 
MariaesanceUary 
National ?'ark 
DesignatedFederaiWilderneOSArea 
Areasidtntifkd under the Coastal Zone Management Act 
Sensitive areas identified under the National Estuary Program or Near Coastal Wa#rs h g m n  
critical areas identified under the clean L a b  Program 
NationaiMowmtnt 
National Seashore Rcatational Area 
National blccshotc RecMtional Area 
Habitat hown to be uscd by Fcdaal dcsignatcd or proposal endangered or thrcamcd species 
National Rescme 
National or State Wildlife Refuge 
Unit of Coastal Barriff Raarpccs Systcm 
Coanal Barrier (undeveloped) 
Fedaal land designated for protection of natural ecosystems 
Administratively Proposed Federal Witdaness Area 
Spawning streas critical for tbc maintenance of Wshellfish spccics within river, lalre, or 

coadtidalwatcrs 
Migratory pathways and feeding areas critical for maintmancc of anadromous fish spccics within river 

reaches a areas in lakcs a coBsfaj tidal waters m which the fd spend urcnded periods of time 
Turutrial arcas utilired for brreding by large or dense aggregations of animals 
National river reach designated as Reacational 

Habitat known to be used by species under review as to its R d d  cadangad ortiaeatcncd status 
Coastal Barrier (partially developed) 
Fedtrallydesignated Scenic or Wild River 
State land designated for wildlife or &ame m a ~ g a m n t  
Statedesignad scenic or Wild Rim 
Stattdesignated Natural Areas 
Panicuiar arcas. relatively smaIl in size. i m p o ~ a t  to maintenance of unique biotic communities 
Statc-designated areas for protection or mairuenancc of aquatic life 

Habi i  known to be uscd by state designated endangad or thrratencd Species 

Wetlandsb 

'Tht categories arc listed in groups frurn thozcassigned tngkrfactop values to those a~u@ 
lower facan values m the Hazard Ranking System (HRS) for listing hatardous wa#c sites on the National 
Priaritits List (US. EPA 199Ob). Set F d e d  Register. Vol. 55, pp. 51624 and 51648 for addit id 
information rrgarding definitions. 

Under thc HRS, wetlands are rated on thc basis of size. See F e & d  Register, Vol. 55. pp. 
5 1625 and 5 1662 for additional infomuon. 
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assumptions are needed to estimatP exposure 
levels for those routes, and the results are 
less certain. professional judgment is 
needed to determine if evaluating those 
routes sufficiently improves a risk 
assessment to wamnt the ef€ort. 

. K an exposure pathway is not 
complete for a specific contaminant (i.e., 
ecological receptors cannot be exposed to 
the contaminant), that expo- pathway 
does not need to be evaluated further. For 
example, suppose a contaminam that impairs 
reproduction in mammals occurs only in 
soils that axe well beiow the root zone of 
plants that occur or arc expected to OCCUT on 
a site. Herbivorous mammals would not be 
exposed to the contaminant through their 
&ets because plants would not lbe 

Exposram Route: A point of comact/enny 
of a amtaminam from the environment into 
an organism (e.g.. inbahtion, ingestion, 
delmal absarptian). 

I1 :: 

contaminated. Assuming that most soil macroinvertebrates available for ingeStion live in the 
root zone, insectivorous mammals also would be unlikely to be exposed. In this case, a 
complete exposure pathway for this contaminant for grounddwelling mammals would not 
exist, and the contaminant would not pose a si@ficant risk to this p u p  of organisms. 
Secondary questions might include whether the contaminant is leaching from the soil to 
ground water that discharges to surface water, thereby posing a risk to the aquatic 
environment or to terrestrial mammalr that drink the water or consume aquatic prey. 
Example 1-2 illustrates the proctss of ihtifymg complete exposure pathways based on the 
hypothetical PCB site described in Appendix A. 

4 2.5 Assessment amd Measurement Endpoints 

For the screening-level ecological risk assessment, assesment endpoints are any 
adverse effects on ecological receptors, where receptors are plant and animal populations and 
communities, habitats, and sensitive environments. Adverse effects on populations can be 
inferred from measures related to impaired reproduction, growth, and survival. Adverse 
effects on communities can be inferred from changes in community structure or function. 
Adverse effects on habitats can be inferred from changes in composition and characteristics 
that reduce the habitats' ability to support plant and animal poplations and communities. 

Many of the screening emtoxicity values now available or likely to be available in the 
future for the Superfund program (see Section 1.3) are based on generic assessment endpoints 
(e.g., protection of aquatic communities from changes in structure or function) and are 
assumed to be widely applicable to sites around the United States. 
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~ M P E  6-2 
Complete Exposure Pathways for Mammals-PCB Site 

.. 

Three possible exposure pathways for mammals were evaluated at the PCB Site: 
inhalation, ingestion through the food chain, and incidental soiysediment ingestion. 

Inhelation. PCBs axe not highly volatile, so the inhalation of PCB vapors by 
mammals would be an cssemially incomplete exposure pathway. hhdation of PCBs adsorbed 
to soil particles might need consideration in areas with exposed soils, but this site is well 
vegetated. 

Ingestion through the food &dn. PCBs tend to bioaccumulate and biamagnify in 
food cfrains. PCBs in soils are not talcen up by most plants, but are accumulated by soil 
macroinvercebratei. Thus, in areas without significant soil deposition on the surfaces of plants, 
mammalian herbivores would not be exposed to PCBs in most of their diet. In coatrast, 
mammalian insectivores, such as shrews. could be exposed to PCBs in most of their diet. For 
PCBs, the ingestion route for mammals would be essentially incoIllplete for herbivores but 
complete for insectivores. For the PCB site, thercfore, the ingestion exposure route for a 
mammaiian insectivore (e.g., shrew) would be a complete exposurr pathway that should be 
evduated. 

incidental soiYsedirneaat ingestion. Mammals can ingest somt quantity of soils or 
sediments incidentally, as they groom their fur or consume plants or animals from the soil. 
Burrowing mammals are likely to ingest greater quantities of sol% during grooming than non- 
burrowing mammals, and mammals that consume plant roots or soildwelling macroinvertebrates 
are likely to ingest greater quantities of soils attached to the surface of their foods than 
mammals that consume other foods. Tht intake of PCBs from incidental ingestion of PCB- 
contaminated soils is difficult to estimate, but for insectivores that forage at ground level, it is 
likely to be far less than the intake of PCBs in the diet. For herbivores* the incidental intake of 
PCBs in soils might be higher than the intake of PCBs m their diet, but still less dran the intake 
of PCBs by mammals feeding on soil macroinvertebrates. Thus. the exposure pathway for 
ground-dwelling mammalian inseuivorcs remains the exposure pathway that should be 
tvalllated- 

1.3 SCREENING-LEVEL ECOLOGICAL EFFECTS EVALOIA’hOOM 

The next step in the screening-level risk assessment is the prehhary ecological 
effects evaluation and the establishment of contaminant exposure levels that represent 
conservative thresholds for adverse ecological effects. In this guidance. those comemathe 
thresholds are called screening ecotoxicity values. Physical stresses unrelated to contaminants 
at the site are not the focus of thc risk assessment (see Highlight 14). althougb they can lbe 
considered later when evaluating effects of remedid alternatives. 
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A literature search for studies that 
quantify toxicity (i.e., exposure-response) is 
necessary to evaluate the likelihood of toxic 
effects in differeslt groups of organisms. 
Appendix C provides a basic introduction to 
conducting a litemure search, but an expert 
should be consulted to minimi.rP. time and 
costs. The toxicity profile should describe 
the toxic mechanisms of action for the 
exposure routes being evaluated and the 
dose or environmental concentration that 
causes a specified adverse effect. 

For each complete exposure pathway, 
route, and contaminant, a screening 
ecotoxicity value should be developed.' 
The U.S. EPA Office of Emergency and 
Remedial Response has developed screening 
ecotoxicity values [called ecotox threshold 
values (U.S. EPA, 1996c)l. The values are 
for surface waters and sediments, and are 
based on direct exposures routes d y ;  
bioaccumulation and biomagnifcation in 
food chains have not been accounted for. 
The following subsections ciescribe preferred 
data (Section 1.3.1). dose conversions 
(Section 1.3.2). and analyzing uncertainty in 
the values (Section 1.3.3). 

Ecosystems can be s u e d  by 
physical, as well as by chemid, altCrations 
of their environment. For this reason. 
=A's (1992a) Fnmreuorkfor EcofogiCOl 

response" evaluation to include all types of 
srress instead of "dose-reqmse" or 
"exposure-respome" evaluation, which 
implies that the stressor must be a toxic 
substance. 

Risk ASS- addresses "S~RSSOT- 

For Superfund sites. however. the 
baseline risk assessment addresses risks from 
hazardous substances released to the 
environment. not risks from physical 
alterations of the environment, unless caused 
indirealy by a hazadous substances (e.&. 
loss of vegetation from a chemical release 

document, therefore, focuses on exposure- 
respanse evaluations for toxic substances. 
Physical dtsrmcticm of habitat that might be 
associated with a panrcular remedy is 
considered in the Feasibility Study. 

leading to serious erosion). This guidance 

4.3.1 Preferred Toxicity Data 

Screening ecotoxicity values should represent a no-observed-adverse-effect-level 
(NOAEL) for long-term (chronic) exposures to a contaminant. Ecological effects of most 
concern are those that can impact populations (or higher levels of biological organization). 
Those include adverse effects on development, reproduction, and survivorship. Community- 
level effects also can be of concern, but toxicity data on community-level endpoints are 
limited and might be difficult to extrapolate from one community to another. 

' 11 IS possible to conduct a d n g  risk assessment with limited infonnation and conservative 
assumpuons. If site-specific information is too limited. however. thc I+& BsKszment is almost ccnain to move 
into Steps 3 through 7, which require field-collected data. The more complete the initial informa_tion. the better 
the decision that can bc made at this prelimnary stage. 
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When reviewing the literature, one 
should be aware of the limitations of 
published information in characterizing 
actual or probable hazards at a specific site. 
U.S. EPA discourages reliance on secon- 
references because study details relevant for 
determining the applicability of findings to a 
given site usually are not reported in 
secondary sources. Only primary literature 

ecotoxicologist should be used to support a 
decision.-Several considerations and data 
preferences are summarized m Highlight 1-5 
and'described more fully below. 

that has been carefully reviewed by an 

PIOAELS and LOAELS. For each 
conthinant for which a complete exposure 
pathway/route exists, the litemure should be 

. reviewed for the lowest exposure level (e.g., 
concentration in water or in the diet, ingested 
dose) shown to produce adverse effects (e.g., 
reduced growth, impaired qmduction, 
increased mortality) in a potential receptor 
species. This value is called a lowest- 
observed-adverse-eff-level or LOAEL. 
For those contaminants with documented 
adverse effects, one also should identify the 
highest exposure level that is a NOAEL. A 
NOAEL is more appropriate than a LOAEL 
to use as an screening ecotoxicity value to 

HIGHUGW 1-5 
Data Hierarchy for Deriving 

Screening Ecotoxicity Waiues 

.. 

To develop a chronic NOAEL for a 
screening ecotoxicity value from existing 
literature. the following data hierarchy 
minimizes extrapolations and uncertainties 
in the value: 

m 

0 

A NOAEL is preferred to a 
LOAEL, which is p m f d  to an 
LC50 or an EC,. 

Long-term (chronic) studies are 
preferred to medium-term 
(subchronic) studies. which are 
prefemd to short-term (acute) 
studies. 

If exposure at the site is by 
ingestion, dietary studies are 
preferred to gavage studies, which 
are preferred to non-ingestion routes 
of exposure. Similarly, if exposure 
at the site is dermal, dermal studies 
are preferred 10 studies using other 
exposure routes. 

ensure that risk is not underestimated (see Highlight 1-6). However, NOAELs currently are 
not available for many groups of organisms and many chemicals. When a LOAEL value, but 
not a NOAEL value, is available from the literature, a standard practice is to multiply the 
LO= by 0.1 and to use the product as the screening ecotoxicity value. Support for this 
practice comes from a data review indicating that 96 percent of chemicals included in the 
review had LOAEUNOAEL ratios of five or less, and that aIl were ten or less (Dourson and 
Stara, 1983). 

Exposure duration. Data from studies of chronic exposure are preferable to data 
from medium-term (subchronic), short-term (acute), or singieuposure studies because 
exposures at Superfund remedial sites usually are long-tenn. Literature reviews by 
McNamara (1976) and Weil and McCoIlister (1963) indicate that chronic NOAELs can be 
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lower than subchronic ( W y  duration for 
rats) NOAELs by up to a factor of ten? 

Exposure mute. The exposure 
mute and medium used in the toxicity study 
should be comparable to the exposurt route 
in the risk assessment. For example, data 
from studies where exposure is by gavage 
generally are not p r e f d  for estimating 
dietary concentrations that could produce 
adverse effects, because the rate at which 
the substance is absorbed from the 
gastrointestinal vact Usually is greater 
following gavage than following dietary 
administration. Similarly, intravenous 
injection of a substance results in 
"instantaneous absorption" and does not 
allow the substance to fmt pass through the 
liver, as it would following dietary 
exposure. If it is necessary to attempt to 
extrapoiate toxicity test d t s  from one 
route of exposure to another, the 
extrapolation should be performed or 
reviewed by a toxicologist experienced in 

Bccausc the NOAEL and LOAEL 
are estimated by hypothesis testing (i-e., by 
comparing the rrsponse level of a test group 
to the reqxmsc level of a control group for a 
aatistically signikant differurce 1, the acNal 
propolrion of ttte est animals showing the 
advase response at an identifrcd mAEL 
depends on smpk size, variability of the 
mponse.andthedascintmral. 
and even NOAELs. can repress a 
30 perrent or higher eKea level for the 
minimum sample sizes recommended for 
standxd test protocols. For this moa US. 
E A  recommends that the more conservative 
NO-. instead of LO-, are used to 
determine a screening exposure level that is 
unlikely to adversely impact populations. If 
dose-response data are available, a site- 
specific low-effect level may be determined. 

route-to-route extrapolations for the class of animals at issue. 

Field versus Ura80r;Ptory. Most toxicity studies evaluate effects of a single 
contarninant on a single species under controlled laboratory conditions. Results from these 
stu&es might not be directly applicable to the field, where organisms typically are exposed to 
more than one contaminant in environmental situations that are not comparable to a labomtory 
settlng and where genetic composition of the population can be more heterogeneous than that 
of organisms bred for laboratory use. in addition. the bioavailabiiity of a contaminant might 
be different at a site than in a laboratory toxicity test. In a field situation, organisms also will 
be subject to other environmental variables, such as unusual weather conditions, infectious 
diseases, and food shortages. These variables can have either positive or negative effects on 

' The literature reviews of McNamara (1976) and Weil and McCollisur (1963) included bath rodent and 
non-rodent species. The duration of the subchromc exposme usually was 90 days, but ranged from 30 to 210 
days. A wide vanety of endpoints and enitria for adverse effects were included in these reviews. Despite this 
vanation rn the original stud~u. their fiidings provide a general indication of thc rat10 between subchronic to 
chronic NO- for effects other than cancer and reproductive effects. For m e  chemicals. chronic doung 
resulted in increased chemical toicrana. For over 50 percent of the campounds testcd. the chronic NOAEL was 
less than the %day NOAEL by a factor of 2 or less. However. in a few cases. the chronic NO-= was up LO a 
factor of 10 less than the subchronic NOAEL (US. EPA 1993~). 
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the organism’s response to a toxic contaminant that only a site-specifrc field study would & 
able to evaluate. Moreover, single-species toxicity tests seldom provide information regarding 
toxicantdated changes in community interactions (e.g., behavioral changes in prey species 
that make them more susceptible to predation). 

1.32 Dose Conversions 
- 

For some data reported in the literaaue, conversions are necessary to allow the data to 
be used for species other than those tested or for measures of exposure other than those 
reported. Many doses in laboratory studies are reported in terms of concentration in the diet 
(eg., mg contaminantkg diet or ppm in the diet). Dietary concentrations can be converted to 
dose (e.g., mg contaminanm body weight/day) for comparison with estimated contaminant 
intake levels in the reccpto~ species. 

When converting doses, it is importaut to identify whether weights are measured as 
wet or dry weights. Usually, body weights are reported on a wet-weight, not dry-weight 
basis. Concentration of the contaminant in the diet might be reported on a wet- or dry-weight 
basis. 

Ingestion rates and body weights for a test species often are reported in a toxicity 
study or can be obtained from other literaavc sources (e.g., U.S. €PA, 1993a,b). For 
extrapolations between animal species with different metabolic rates as well as dietaxy 
composition, consult U.S. EPA 1992e and 1996b. 

1.3.3 Uncertainty Assessment 

Professional judgment is needed to determine the uncertainty associated with 
information taken from the literature and any extrapolations used in developing a screening 
ecotoxicity value. The risk assessor should be consistently conseivative in selecting literature 
values and describe the limitations of using those values in the context of a particular site. 
Consideration of the study design, endpoints, and other factors are important in determining 
the utility of toxicity data in the scmning-level risk assessment. All of chose factors should 
be addressed in a brief evaluation of uncertainties prior to the screening-level risk calculation. 

1.4 SUMMARY 

At the conclusion of the screeninglevel problem formulation and ecological effects 
evaluation, the following information should have been compiled: 

0 Environmental setting and contaminants known or suspected to exist at the site 
and the maximum concentfations present (for each medium); 

0 Contaminant fate and rra~sport rnrrhanlsms * that might exist at the site; 
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The mechanisms of ecotoxicity associated with contaminants and likely 
categories of receptors that could be affected; . 

The complete exposure pathways that might exist at the site from contaminant 
sources to receptors that could be affected; and 

Screening ecotoxicity values equivalent to chronic NO- based on 
conservative assumptions. 

For the screening-level ecological risk assessment, assessment endpoints will include 
any likely adverse ecological effects OII receptors for which exposure pathways are complete. 
as determined from the information listed above. Measurement endpoints will be based on 
the available literature regarding mechanisms of toxicity and will be used to establish the 
screening ecotoxicity values. Those values will be used with estimated exposure levels to 
screen for ecological risks, as described in Step 2. 

I 
I 

E 
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I 
I 
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I The sneening-level expome estimMe and risk calculation comprise the second 
step in the ecological risk screening for a site. Risk is estimated by comparing 
maximum documented exposure con cent ratio^^^ with the ecotoxicity saeening values 
from Step 1. At the d u s i o n  of Step 2. the risk manager a n d m  assesment team 
will decide that either the screening-level ecological risk assessment is adequate to 
determine that ecological threats are negligr'ble, or the prace!ss should continue to a 
more detailed ecological risk assessment (Steps 3 through 7). If the process continues. 
the screening-level assessment serves to identify exposure pathways and prtitmtnary 

contaminants and exposure pathways that pose negligile risks. 

. .  
contaminants of concern for the baseline risk assessment by eirmtnaun - gthose 

This step includes mimating exposure levels and Screening for ecological risks as the 
last two phases of the screening-level ecological risk assessment. The process concludes with 
a SMDP at which it is determined that: (1) ecological threats are negligible; (2) the 
ecological risk assessment should continue to determine whether a risk exists; or (3) there is a 
potential for adverse ecological effects, and a more detailed ecological risk assessment, 
incorporating more site-speufic information, is needed. 

Section 2.2 describes the screening-lcvll exposure a s s m e n  t, focusing on the 
complete exposure pathways identified in Step 1. Section 2.3 descrii the risk calculation . 
process, including estimating a hazard quotient, documenting the uncertainties in the quotient, 
and summarizing the overall cdi&nce in the screwing-level ecological risk assessment. 
Section 2.4 describes the SMDP that concludes Step 2. 

2.2 SCREEMINEEVEL EXPOSURE ESTOMATES 

To estimate exposures for the screening-level ecological risk calculation, on-site 
contaminant levels and general information on the types of biological receptors that might be 
exposed should be known from Step 1. Only complete exposure pathways should be 
evaluated. For these. the highest measured or tstimated on-site contaminant concentration for 
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each environmental medium should be used to csti&te exposnres. This should ensure that 
potential ecological threats are not missed. 

. .  

- 
For parameters needed to estimate exposures for which sound site-specific infonnation 

is lacking or Micult to develop, conservative assumptions should be used at this screening 
ievtl. Examples of conservative assumptions are listed below and described in the following 
paragraphs: 

e 

0 

0 

Area-use factor - 100 percent (factor 
related to home range and populatron 
density; see Highlight 2-1); 

BioavailabiIity - 100 percent; 

Life stage - most sensitive life stage; 

Body weight and food mgestion rate - minimum body weight to 
maximum ingestion rate: and 

Dietary composition - 1OQ percent of 
diet consists of the most 
contammatert dietary component. 

Ama-use factor. For the 
screening-level exposure estimate for 
terrestrial animals, assume that the home 

An animal's area-use factor can be 
defined as the ratio of the area of 
contamination (or the site area under 
investigation) to the area used by the animal, 
e.g., its home range. b d m g  range, or 
feeding/foraging range. To ensure that 
ecological risks are not underestimated. the 
highest density and smallest area used by 
each animal should be assumed. This allows 
the maximum number of animals to be 
exposed to site contaminants and makes it 
more likely that "hot spots" (i.e., areas of 
urmsually high contamination levels) will be 
significant proponions of an individual 
animai's home range. 

. 

range of one or more animals is entirely within the contaminated area, and thus the animals 
are exposed 100 percent of the time. This is a conservative assumption and, as an 
assumption, is only applicable to the screening-level phase of the risk asesment. Species- 
and site-specific home range information would be needed later, in Step 6, to estimate more 
accurately the percentage of time an animal would use a contaminated area. Alsoevaluate 

the site. For example, if contamination has reduced emergent vegetation in a pond, the pond 
might be more heavily used for feeding by waterfowl than uncontaminated ponds with little 
open water. 

the possibility that some species might actually focus their activities in conmnhated areas of 

Bioawaiiabiiity. For the smening-level exposure estimare, in tht absence of site- 
specific information, assume thar the bioavailability of contaminaua at the site is 100 percent. 
For example, at the Screening-level, lead wouid be assumed to be 100 percent bioavailable to 
mammals. W e  some litcratlpe indimtes that mammak absorb approximately 10 percent of 
ingested lead, absorption efficiency can be higher, up to about 60 percent, because dietary 
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factors such as fasting, and calcium and phosphate content of the diet, cau af€ect the 
absorpuon rate (Kenzaburo, 1986). Because few species have been tested for bioavailability, 
and because Steps 3 through 6 provide an opportunity for this issue to be addressed 
specifically, the most conservative assumption is apprapriate for this step. 

Life mge. For the screening-kvel assesmmt, assume that the most sensitive life 
stages art present. If an early life stage is the most sensitive, the population should be 
assumed to include or to be m that Iife smge. For vertebrate populations, it is likely that most 
of the popuiation is not m the most sensitive life stage most of the time. However, for many 
invertebrate species, the entire popukuion can be at an early stage of development during 
certainseasons. 

Body weight and food ingestion rates. Estbats of body weight and food 
ingestion rates of the receptor animals also should be made conseivatively to maximiZe the 
dose (intake of contaminants) on a body-weight basis and to avoid understating risk, although 
uncertainties in these factors are far less than the uncertainties associared with the 
environmental contaminant concentrations. U.S. EPA's WiMije -sure Focrors Hrmdbook 
(U.S. EPA, 1993a.b) is a good source or reference to sources of this infomation. . 

* 

Bioaccumulation. Bioaccumulation values obtained from a literature search can be 
used to estimate contaminant accumulation and fd-chain transfer at a Superfund site at the 
screening stage. Because many environmental factors influence the degree of 
bioaccumulation, sometimes by several orders of magnitude, the most conservative (Le., 
highest) bioaccumulation factor (BAF) reported in the liteaane should be used in the absence 
of site-specific information. 

Dietary composition. For species that feed on more than one type of food, the 
screening-level assumption should be that the diet is composed entirely of whichever type of 
food is most contarmnated. For example, if some foods (e.g., insects) are likely to be more 
contaminated than other foods (e.g., seeds and fruits) typical in the diet of a receptor species, 
assume that. the receptor species feeds exclusively on the more contaminated type of food. 
Again, EPA's WiZdZije ExJbosure Factors Handbook (US. EPA. 1993ab) is a good source or 
reference to sources of this information. 

2.2.2 Uncertainty Assessment 

Professional judgment is needed to determine the uncertainty associated with 
information taken from the literature and any extrapolations used in developing a parameter to 
estimate exposures. All assumptions used to estimate exposures should bt stated, including 
some description of the degree of bias possible in each. Where literature values are used, an 
indication of the range of values that could be considered appropriate also should be 
inlcated. 
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23 S C R E E N I N G - L L  RISK CALCULATBOM .. 
A quantitative screening-level risk can be estimated using the exposure estimateS 

developed according to Section 2.2 and the Screening ecotoxicity values developed according 
to Section 1.3. For the screening-level risk calculation, the hazard quotient approach, which 
compares point estimates of Screening ecotoxicity values and exposure vaiues, is adequate to 
estimate risk. As described in Section 1.3, a saeening ecotoxicity value should be equivalent 
to a documented and/or best conservatively estimated chronic NOAEL. Thus, for each 
con taminant and environmental medium, the hazard quotient can be expressed as the ratio of 
a porential exposu~~ level to the NO- 

EEC 
NOWX 

or HQ = Dose 
NOAEL rrQ = 

where: 

HQ = 

Dose = 

EEC = 

NOAEL = 

hazard quotient; 

estimated contaminant intake at the site (e.g., mg contaminantflcg body 
weight per day); 

estimated environmental concentration at the site (e.g., mg 
contamrnan t/L water, mg contaminant/kg soil, mg contaminantkg food): 
and 

no-observ&-adverse+ff~ts-lewl (in units that match the dose or EEC). 

An HQ less than one (unity) indicates that the contaminant alone is unlikeiy to cause adverse 
ecological effecu. If multiple contaminants of potential ecological concern exist at the site, it 
might be appropriate to sum the HQs for receptors that could be simultaneously exposed to 
the contaminants that produce effects by the same toxic mcchamm * (US. EPA, 1986a). The 
sum of the HQs is called a hazard index (HI); (see Highlight 2-2). An HI less than one 
indicates that the group of contaminants is unlikely to cause adverse ecological effects. An 
HQ or HI less than one does not indicate the absence of ecological risk; rather, it should be 
interpreted based on the severity of the &ect reported and the magnitude of the calculated 
quotient. As certainty in the expasum concentrations and the NOAEL increase, there is 
greater confidence in the predictive value of the hazard quotient model, and unity (HQ = 1) 
becomes a more certain padfail decision paint. 

The screening-level risk calculation is a conservative estimate to ensure that potential 
ecological threats are not overlooked. The calculation is used to document a decision about 
whether or not there is a negligible potential for ecological impacts, based on the information 
available at this stage. If the potential for ecological impacts exists, this calculation can be 
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used to eliminate the negligible-risk 

pathways from further consideration. 
combinations of con tarnhuts and exposure 

If the screening-level risk assessment 
indicates that adverse ecological effects are 
possible at environmental concentrations 
klow standard quantitation limits, a "non 
detect" based on those limits cannot be used 
to support a "no risk" decision. Instead, the 
risk assessment team and risk manager 
should request appropriate detection limits 
or agrez G continue to steps 3 through 7, 
where exposure concentrations will be 
estimated from other information (e.g., fate- 
and-transport modeling, assumed or 
estimated values for non-detects). 

2.4 S C ~ € ~ F l C ~ A N A 6 E M E N l  
DECISUON POINT (SMDP) 

At the end of Step 2, the lead risk 
assessor communicates the results of the 
preliminaq ecologmtl risk assessment to the 
risk manager. The risk manager needs to 
decide whether the information available is 
adequate to make a risk management 

W96HUGHP 2-2 
M d  index (HI) Calcrohtion 

For contaminants thatlproduce adverse 
effects by the same toxic mechanism: 

HazardIndex= EEClMOAELl+ 
EEc2/NoAEL, + ... + 
EEcpomj 

wkr: 

EEC, = estimated environmwtal 
concentration for tht i* 
contaminant; and 

NOAELj = 
NO= for the i* contaminant 
(expressed either as a dose or 
environmental concentration). 

The EEC and the NOAEL are expressed m 
the same units and rcprescnt the same 
exposure period (e.g.. chronic). Dose could 
be substituted for EEC throughout provided 
the NOAEL is expressed as a dose. 

decision and might require technical advice from the ecological risk assessment team to reach 
a decision. There are only three possible decisions at this point: 

(1) There is adequate information to conclude that ecological risks are negligible 
and therefore no need for remediation on the basis of ecological risk 

The infomation is not adequate to make a decision at this point, and the 
ecological risk assessment process will continue to Step 3; or 

(2) 

(3) The information indicates a potential for adverse ecological effects, and a more 
thorough assessment is warranted. 

Note that the SMDP made at the end of the screening-level risk calculation will not 
set a preliminaxy cleanup goal. Screening ecotoxicity values are derived to avoid 
underestimating risk. Requiring a cleanup based solely on those values would not be 
technically defensible. - 
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The risk manager should document both the decision and the basis for it. If the risk 
Charactenzatl 'on supports the first decision (Le., negligible risk), the ecological risk ass&nt 
process ends here with appropriate documentation to support the decision. The documentation 
should include all analyses and references used in the assessment, including a discussion of 
the uncertainties asoaawd - with the HQ and HI estimates. 

For assessments that proceed to Step 3, the screening-level analysis in Step 2 can 
indicate and justify which cont8minants and exposure pathways can be eiiminated from 
further assessment because they are d i k l y  to pose a substantive risk. (If new contaminants 
are discovered or contaminants are found at higher concentdons Iater in the site 
investigation, those contaminants might need to be added to the ecological risk assanent at 
that time.) 

U.S. EPA must be confident that the SMDP ma& after completion of this calculation 
will protect the ecological components of the environment. The decision to continue beyond 
the screening-level risk calculation does not indicate whether remediation is necessary at the 
site. That decision will be made in Step 8 of the process. 

2 5  SUMMARY 

At the conclusion of the exposure esthate and Screening-level risk calculation step, 
the following information should have been compiled: 

(1) Exposure estimates based on conservative assumptions and rnaximum 
concentrations present; and 

(2) Hazard quotients (or hazard indices) indicating which, if any, contaminants and 
exposure pathways might pose ecological threats. 

Based on the results of the =ring-level ecological risk calculation, the risk manager 
and lead risk assessor will determine whether or not contaminants from the site pose an 
ecological threat. If there are sufficient data to determine that ecological threats are 
negligible. the ecological risk assessment will be complete at this step with a finding of 
negligible ecologcal risk. If the data indime that there is (or might be) a risk of adverse 
ecological effects. the ecological risk aSSeSSmMt process will continue. 

Conservative assumptions have been used for each step of the screening-level 
ecological risk assessment. Therefore. requiring a cleanup based solely on this information 
would not be technically defensible. To end the assessment at this stage, the conclusion of 
negligible ecological risk must be adequately documented and technically defensible. A lack 
of information on the toxicity of a contaminant or on complete exposure pathways will result 
in a decision to continue with the ecological risk assessment process (steps 3 throagh 7 M o t  
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a decision to delay the ecological risk assessment until a later date when mort sonnation 
might be available. 

. 
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Step 3 of the eight-step process iniriarec the problem-formulation phase of the 

formuhion and with input from stakeholdtrs and other involved parties, expands on 
the ecolog~cal issues that a of concern JU the particular site. In the screening-level 
asesment, collseNative assumptions were used where site-specific information was 
ladcing. In Step 3, the results of the Scrrmring amssmem and additional site-specific 
information are used to determine the scope and goals of tbe baseline ecological risk 
assessment. Steps 3 through 7 are required only for sites for which the screening-level 
assessment indicated a need for further ecological xi& evaluation. 

b = k  ecological risk mn Step 3 refma the SCreening-leVel problem 

Problem formulation at Step 3 includes several activities: 

0 Refining preliminary contaminants of ecological concern; 
0 Further characterizing ecological effects of contaminants; 
Q Reviewing and refining information on contaminant fate and transport, complete 

exposure pathways, and ecosystems potentially at risk; 
0 Selecting assessment endpoints; and 
Q Developing a conceptual model with working hypotheses or questions that the 

site investigation will address. 

At the conclusion of Step 3, there is a SMDP, which consists of agreement on four 
items: the assessment endpoints, the exposure pathways, the risk questions, and 
conceptual model integrating these components. The products of Step 3 are used to 
select measurement endpoints and to develop the ecological risk assessment work plan 
(WP) and sampling and analysis plan (SAP) for the site in Step 4. Steps 3 and 4 are. 
effectively, the data quality objective (DQO) process for the baseline ecological risk 
assessment. 

3.1 THE PROBLEM-FORMULATION PROCESS 

In Step 3, problem formulation establishes the goals. breadth, and focus of the baseline 
ecological risk assessment. It also establishes the assessment endpoints, or specific ecological 
values to be protected (US. EPA, 1992a). Through Step 3. the questions and issues that need 
to be addressed in the baseline ecological risk assessment are defined based on potentially 
complete exposure pathways and ecological effects. A conceptual model of the-site is 
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developed that includes questions about the assessment endpoints and the relationship between 
exposure and effects. Step 3 culminates in an SMDP, which is agreement between the risk- 
manager and risk assessor on the assessment endpoints, exposure pathways, and questions as 
portrayed in the conceptual model of the site. 

The conceptual model, which is completed in Step 4, also will describe the approach, 
- 

types of data, and analytical tools to be used for the analysis phase of the ecological risk 
assessment (Step 6). Those components of the conceptual model arc formally descr i i  in 
the ecological risk WP and SAP in Step 4 Of this eight-step process If there is not 
agreement among the risk manager, lead risk assessor, and the other professionals involved 
with the ecological risk assessment on the initial conccptwd model developed in Step 3, the 
fmal conceptual model and field study design devePoped in Step 4 might not resolve the 
issues that must be consided to manage risks effectively. 

The complexity of questions developed during problem formulation does not depend 
on the size of a site or the magnitude of its contamman . .  on. Large areas of contamination can 
provbke simple questions and, convcrscly, small sites with numerous contaminants can require 
a complex series of questions and assessment endpoints. There is no rule that can be applied 

.to gauge the effort needed for an ecological risk assessment based on site Sizt or number of - 
contaminants: each site should be evaluated individually. 

At the beginning of Step 3, some basic information should exist for the site. At a 
minim= infonnation should be available from the site history, PA, SI, and Steps 1 and 2 of 
this eight-step process. For large or complex sites, information might be available from 
earlier site investigations. 

It is important to be as complete as possible early in the process so that Steps 3 
through 8 need not be repeated. Repeating the selection of assessment endpints and/or the 
questions and hypotheses concerning those endpoints is appropriate only if new i n f o d o n  
indicating new threats becomes available. The SMDP process should prevent having to retum 
to the problem foxmulation step because of changing opinions on the questions being asked. 
Repetition of Step 3 should not be confused with the intentional tiering (or phasing) of 
ecological site investigations at large or complex sites (see Highlight 3-1). The process of 
problem formulation at complex sites is the same as at more simple sites, but the number, 
complexity, and/or level of resolution of the questions and hypotheses can be greater at 
complex sites. 

While problem formulation is conceptually simple, in practice it can be a complex and 
interactive process. D e f h g  the ecological problems to be addressed during the baseline risk 

8 assessment involves identifying toxic mechanisms of the contaminants, charactenun 
potential receptors, and estimating exposure and potential ecological effects. Problem 
formulation also constitutes the DQO process for the baseline ecological risk assessment (US. 
€PA, 1993~-d). 

. .  
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The remainder of this section 
descn'bes six activities to be conducted 
prior to the SMDP for this step: 

ecological concern (Section 3.2); a 
literamre search on the potential 
ecological effects of the contaminants 
(Section 3.3); qualitative evaluation of 
complete exposure pathways and 
ecosystems potentially at risk (Section 
3.4); seleaing assessment endpoints 

refming preltmrnary contaminants of 

(Section 35); and developing the 
conceptual model and establishing risk 
questions (Section 3.6). 

35 RERNEMENT OF 
PREUMINARY 
CQNTAM!UUAWS OF 
CONCERN 

The results of the screzning-level 
risk assessment (Steps 1 and 2) should 
have indicated which contaminants 
found at the site can be eiiminaterl from 
further consideration and which should 
be evaluated further. It is important to 
realize that contaminants that might pose 
an ecological risk can be different from 

HIIGWUG)Qv 3-1 
Tiering an Ecological Risk 

Assessment 

Most ecological risk asesxmu at 
Superfund sites are at least a two-tier process. 
Stepslaad2ofthisgui&ncesmeasafast. 
or screening, tia prior to expending a larger 
&oit for a cbiled,  site-specific ecological risk 
asesmcnt. Thebaselinerisk-tmay 
serve as the second tier. Additional tiers could 
be needed in the bgseiinc risk asscsmmt for 
large or complex sites where t h c ~  is a need to 
sequentially test interdependent hypotheses 
developed during problem formulation (i.e.. 
e-g the results of one field a ~ ~ c ~ ~ m e n t  
before designing a subsequent field smdy). 

While tiering can be an effective way to 
manage site investigations. d t i p l e  sampling 
phases typically require some resampling of 

increased field-mobilization costs. lbs, m 
some cases. a multi-ticred ecological risk 
assessment might cost more than a two-tiered 
assesmmt. The benefits of tiering should be 
weighed against the costs. 

matrices sampled during earlier tien and 

those that might pose a human health risk because of differing exposure pathways, 
sensitivities. and responses to contaminants. 

The initial list of contaminants investigated in Steps 1 and 2 included all contaminants 
identified or suspected to be at the site. During Steps 1 and 2. it is likely that sweral of the 
contaminants found at the site were eliminated from further assessment because the risk 
screen indicated that they posed a negligible ecological risk Because of the conswvative 
assumptions used during the risk screen, some of the contaminants retained for Step 3 might 
also pose negligible risk. At this stage. the risk assessor should review the assumptions used 
(e.g.. 100 percent bioavailability) against values reponed in the literature (e.g., only up to 60 
percent for a particular contaminant), and consider how the HQs would change if more 
realistic conservative assumptions were used instead (see Section 3.4.1). For those 
contaminants for which the HQs drop to near or below unity, the lead risk assessor and risk 
manager should discuss and agree on which can be eliminated from further consideration at 
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this time. The reasons for dropping any contaminants from consideration at this step must be 
documented in the baseline risk assessment. 

.. 

Sometimes, new information becomes available that indicates the initial assumptions 
that screened some contaminants out in Step 2 are no longer valid (e.g., site contaminant 
levels are higher than originally reported). In this case, contaminants can be placed back on 
the list of contaminants to be investigated with that justification. 

Note that a contaminant should not be eliminated from the list of contaminants to be 
investigated only because toxicity information is lacking; instead, limited or missing toxicity 
information must be addressed using best professional judgment and discussed as au 
Uncertainty. 

3.3 r n R A W R E  SEARCH ON K N O W  ECOlQGlCAB E F F € r n  

The literature search conducted in Step 1 for the screening-level risk assessment might 
need to be expanded to obtain the infomation needed for the more &ailed problem ' 
formulation phase of the baseline ecological risk assessment. The literanrre search should 
identify NOAELs, LOAELs, expostxre!-response functions, and the mechanisms of toxic 
responses for contaminants for which those data were not collected in Step 1. Appendrx C 
presents a discussion of some of the factors impoxtant in conducting a litemure search. 
Several U.S. EPA publications (e.g., US. EPA, 1995a,e,g.h) provide a window to original 
toxicity literaave for contaminants often found at Superfund sites. For all retained 
contaminants, it is important to obtain and review the primary literaaue, 

3.4 CONTAMINANT FATE AND TRANSPORT, ECOSYSTEMS POTENTIALLY AT 
RISK, AND COMPETE EXPOSURE PATHWAYS 

A preliminary identiikation of contaminant fate and transport, ecosystems potentially 
at risk, and complete exposure pathways was amduued in the screening ecological risk 
assessment. In Step 3, the exposure pathways and the ecosystems associated with the 
assessment endpoints that were retained by tlne sffeening risk assessment arc evaluated in 
more detail. This effort typically involves cornpiling additional infomation on: 

(1) The environmental fate and transport of the contaminants; 

(2) The ecological setting and general flora and fauna of the site (including habitat, 
potential receptors, etc.); and 

(3) The magnitude and extent of contamination, including its spatial and temporal 
variability relative to the assessment endpoints. 
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For individual contamkin& it is frequently possible to reduce the number of exposure 
pathways that need to be evaluated to one or a few "critical exposure parhways" which (1)- 
reflect maximum exposures of receptors within the ecosystem, or (2) constitute exposure 
pathways to ecological receptors sensitive to the contaminan& The critical exposure pathways 
influence the selection of asesment endparnts for a @cular site. If multiple cxitical 
exposure pathways exist, they each should be evaluated, because it is often difficult to predict 
which pathways could be respow'be for the greatest ecological risk. 

3.4.1 Contaminant Fate and Tmmpoad 

Information on how the con-ts will or could be transported or transformed m 
the enviranment physically, ChemiCaIly, and biologically is used to identify the exposurc 

contaminants can undergo several processes in the environment: 
pathways that might lead to significant ecological effects (see Highlight 32). Chemid Y* 

0 Degradatim3 
0 complexation, 
0 Ionization, 
0 Precipitation, andm 
0 Adsorption. 

Physically. contaminants might move 
through the environment by one or more 
means: 

0 Volatilization, 
e Erosion, 
0 Deposition (contaminant 

sinks), 
e Weathering of parent material 

with subsequent transport, 
and/or 

e Water transport: 
- in solution, 

HOGHMGHT 3-2 
Environmentall Fate end Exposure 

If a cornaminant m an aquatic 
ecosystem is highly lipophilic (is.. 
essentially insoluble in warcr), it is W y  to 
@tion primarily into sediments and not 
into the water column. Factors such as 
sediment particle size and organic carbon 

these atrributes should be charactenzed . when 
sampling sediments. Similar considexations 
regarding panitioning should be applied to 
contaminants m soils. 

influence cantaminant partitioning; therefore, 

- 
- as suspended material in the water, and 

bulk transport of solid material. 

Several biological processes also affect contaminam fate and transport in the environment: 

e Bioaccumulation, 
0 Biodegradation, 
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0 Biological transformation," 
0 ' Food chain transfas, and/or 
0 Excretion. 

Additional information should be gathered on past as well as current mechanisms of 
contaminant release from source areas at the site. The mechanisms of release along with the 
chemical and physical form of a contaminant can affect its fate, transport, and potential for 
reaching ecological receptors. 

A contaminant flow diagram (or exposure pathway diagram) comprises a large part of 
the conceptual model, as illustrated in Section 3.6. A contaminant flow diagram originates at 
the Primary contaminant some@) and idenWies primary release mechanisms and contaminant 
transpaR pathways. The release and movement of the contaminants can create secondary 
sources (e-g., contaminated sediments in a river; see Example 3-1). and even temary sources. 

The above infarmation is used to evaluate where the contaminants are Iikely to 
partition in the environment, and the bioavailability of the contaminant (historically, currently, 
or in the future). As mdicated in Section 3.2, it might be possible for the risk assessment 

.team and the risk manager to use this information to replace some of k e  msewative 
assumptions used in the Screening-level risk assessment and to eliminate additional chemicals 
from further evaluation at this point. Any such negotiations must be documented in the 
baseline risk assesmmt. 

3.45 Ecosy~ems Potentially at Risk 

ThC ecosystems or habitats potentially at risk depend on the ecological setting of a 
site. An initial source of information on the ecological setting of a site is the data collected 

checklist (Appendix B). The site description should provide answers to several questions 
during the preliminary site visit and dmmemm . .  on (Step 1). including the site ecological 

including: 

e What habitats (e.g.. maple-beech hardwood forest, early-successional fields) are 
present? 

0 

0 

What types of water bodies are present, if any? 
Do any other habitats listed in Exhibit 1-1 exist on or adjacent to the site? 

While adequately documented infonnation should be used, it is not critical that 
complete site setting infonnation be collected during this phase of the risk assessment. 
However, it is important that habitats at the site are not overlooked; hence, a site visit might 
be needed to supplement the one conducted during the screenkg risk assessment. If a habitat 

' ~ h c  product might be more or less toxic than titc parent compound . 
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An a b a n d d  pesticide proktion facility had released DDT to soils through poor 
hancuing practices during its opaation. Due to erosion of conrammated * soils, DDT migrared to 
streamsedrnrents . Thecon taminated sediments Rpiescat a secondary 
benthic Organisms through d k t  contact or mgestion. Benthic organisms that have accaxnniated 
DDT casl be consmned by fish, and fish that have accmnkd DD" can be connmred by 
pisdvorous birds, which are considered a valuable c0111~~1lcllt ofthe local ecosystem. This 
example illustrates how contaminant tmspt is traced h a  primary source to a secondary 
source and from thne thropgh a food chain to an exposure point that can affect an assesmmt 
endpoint 

that might affec t  

actually present on the site is omitted during the problem formulaion phase, this step might 
need to be repeated later when the habitat is found, resulting in delays and additional costs 
for the risk assessment. 

Available i n f o d o n  on ecological effecu of contaminants (see Section 33) can help 
focus the assessment on specific ecological resources bat should be evaluated more 
thoroughly, because some pups  of organisns can be more sensitive than others to a 
particular contaminant For example, a species or group of species could be physiologically 
sensitive to a particular conrarninant (e.g., the contamhunt might interfere with its vascular 
system); or, the species might not be able to metaboh and detoxiQ the particular 
contaminant(s) (e-g., honey bees and grass shrimp cannot effectively biodegrade PAHs, 
whereas fish generally can). Alternatively, an already-stressed population (e.g., due to habitat 
degradation) could be particuiarly sensitive to any added stresses. 

Variation in sensitivity should not be confused with variation in exposure, which can 
result from behavioral and dietary differences among species. For example, predators can be 
exposed to'higher levels of contaminants that biornagni@ in food chains than herbivores. A 
specialist predator could feed primarily on one prey type that is a primary nxeptor of the 
contaminant. Some species might preferentially feed in a habitat where the contaminant tends 
to accumulate. On the other hand, a species might change its behavior to avoid contaminated 
areas. Both sensitivity to toxic effects of a contaminant and behaviors that affect exposure 
levels can influence risks for particular groups of organisms. 

3.4.3 CompOete Exposure PapOamys 

The potentially complete e x p u r e  pathways identified in Steps 1 and 2 are described 
in more detail in Step 3 on the basis of the refined contaminant fate and transport evaluations 
(Section 3.4.1) and evaluation of potential ecological receptors (Section 3.4.2). 

. 
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Some of the potentially complete exposure pathways identified in Steps 1 and 2 might 
be ruled out from M e r  consideration at this time. Sometimes. additional exposure 
pathways might be idenrif!ied, particularly those originating from secondary sources. Any data 
gaps that result in questions about whether an exposure pathway is complete should be 
identified, and the-type of data needed to answer those questions should be described to assist 
in developing the WP and SAP m step 4. 

During Step 3, the potential for fd-chain exposures deserves particular attention. 
Some contaminants are dectively transferred through food chains, while others are not. To 
illustrate this point, copper and DDT are compared m Example 3-2. 

!€xAMPeE 3-2 
Potential fer Food Chain Transfer-Copper and DDT Sites 

Copper can be toxic in aquatic ecosystems and to terrrstrial plants. However, it is an 
essential nutrient for both plants and animals, and organisms can regulate in- copper 
concentrations within limits. For this reason, copper tends not to accumulate m most organisms 
or to biomagnify in food chains. and thus tends not to Rach levels high enough to cause! 
adverse responses through food chain transfer to upper-trophic-level organisms. (Copper is 
known to accumulate by several orders of magnitude in phytoplankton and in filter-feeding 
mollusks. however* and thus can pose a threat to organisms that feed on those components of 
aquatic ecosystems: US. EPA, 1985a) In contrast, DDT, a contaminant that accumulates in 
fatty tissues. can biomagnify in many different types of food chains. Upper-trophic-level 
species (such as predatary birds). therefore, are likely to be exposed to higher levels of DDT 
through their prey than iue lower-trophic-level species in the ecosystem. 

U I 

3.5 SELECTION OF ASSESSMENT ENDPOINTS 

As noted in the introduction to this guidance, an asesment endpoint is "an explicit 
expression of the environmental value that is to be ptected" (US. EPA, 1992a). In human 
health risk assessment, only one species is evaluated. and cancer and noncancer effects are the 
usual assessment endpoints. Ecological risk assessmeat, on the other hand, involves multiple 
species that are likely to be exposed to differing degrees and to respond diff-tiy to the 
same contaminant. Nonetheless, it is not practical or possible to directly evaluate risks to all 
of the individual components of the ecosystem at a site. Instead, assessment endpoints focus 
the risk assessment on panicular components of the ecosystem that d d  be adversely 
affected by contaminants fiom the site. 

The selection of assessment endpoints includes discussion between the lead risk 
assessor and the risk manager concerning management policy goais and exological values. 
The lead risk assessor and risk manager should seek input from the regional BTAG, PWs, 
and other stakeholders associated with a site when identifying assessment endpoints for a site. 

3-8 



I 
I 
I 

Stakeholder input at this stage will help ensure that the risk manager can readily defend the 
assessment endpoints when making decisions for the site. ECO U’te Voiume 3, Number I, 
briefly Spmmarizes the process of seleaing assessment endpoints (US. EPA, 199%). 

Individual asesmmt endpoints usually encompass a group of species or papulatiaas 
with some commm characoens * tics, such as a specfic exposure mute or contaminant 
sensitivity. Sometimes, individual asesment endpoints are limited to one species (e.g.. a 
species hown to be particularly sensitive to a site contaminan). AsSCSSment en- can 
also encompass the typical strumre and fimction of biological communities or ecosystems 
associated with a site. 

Assessment endpoints for the baseline ecological risk assessment must be selected 
based on the ecosystems, communities, and/or species potentially present at the site. The 
selection of assessment endpoints &pen& on: 

(1) The contaminants present and their concentrations; 

(2) 

(3) 

Mechanisms of toxicity of the contaminants to different groups of organisms; 

Ecologically relevant receptor groups that are potentially sensitive or highly 
exposed to the contaminant and attributes of their natural history; and 

(4) Potentially complete exposure pathways. 

11 nus, the process of selecting ssssnmt m i n t s  am be intenwined with other phases of 
problem formulation. 

The risk assessment team must think through the contaminant mechanism(s) of 
ecotoxicity to determine what receptors will or could be at risk. This understanding must 
include how the adverse effects of the contaminants might be expressed (e.g., eggshell 
thinning in birds), as well as how the chemical and physical form of the contaminants 
influence bioavailability and the type and magnitude of adverse response (e.g., inorganic 
versus organic mercury). 

The risk assessment team also should determine if the contaminants can adversely 
affect organisms in direct contact with the contaminated media (e.g., direct exposure to water, 
sediment, soil) or if the contaminants accumulate in food chains, resulting in adverse effects 
in organisms that are not directly exposed or are minimally exposed to the original 
contaminated media (indirect exposure). The team should decide if the xisic assessment 
should focus on toxicity resulting from direct or indirect exposures, or if both must be 
evaluated. 

Broad assessment endpoints (e.g.. protecting aquatic communities) arr genedy of less I 
value in problem formulation than specific assessment endpoints (e&, maintaining aquatic 

I - 
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commtmity composition and structure downstream of a site similar to that upstream of the 
site). Specific assessment endpoints define the ecological value in sufficient detail to identifjl 
the measures needed to answer specific questions or to test specific hypotheses. Example 3-3 
provides three examples of assessment endpoint selection based on the hypothetical sites in 
AppendixA - 

The formal idemifkition of assessment endpoints is part of the SMDP for this step. 
Regadless of the level of effort to be expended on the subsequent phases of the risk 
assessment, the assessment endpoints identified are critical elements in the design of the 
ecological risk assessment and must be agreed upon as the focus of the risk assessment. 
Once assessment endpoints have been selected, testable hypotheses and measurement 
endpoints can be deveioped to whether or not a potentiaI threat to the assessment 
endpoints exists. Testable hypotheses and measurement endpoints cannot be developed 
without agreement on the assessment endpoints among the risk manager, risk assessofs, and 
other involved professionals. 

3.6 THE CONCEPTUJAQ MODEL AND RISK QUESfDOMS 

The site conceptual model establishes the complete exposure pathways that will be 
evaluated in the ecological risk assessment and the relationship of the measurement endpoints 
to the assessment endpoints. In the conceptual model. the possible exposure pathways are 
depicted in an exposure pathway diagram and must be linked directly to the assessment 
endpoints identified in Section 35. Developing the conceptual model and risk questions are 
described in Sections 3.6.1 and 3-62. respectively. Selection of measurement endpoints, 
completing the conceptual model, is described in Step 4. 

3.6.1 Conceptual M d e l  

Based on the information obtained from Steps 1 and 2, knowledge of the contaminants 
present. the exposure pathway diagram, and the assessment endpoints, an integrated 
conceptual model is developed (see Example 3-4). The conceptual model includes a 
contaminant fate-and-transport diagram that traces the contaminants’ movement from sources 
through the ecosystem to receptors that include the assessment endpoints (see Example 3-5). 
Contaminant exposure pathways that do not lead to a species or group of species associated 
with the proposed assessment endpoint indicate that either: 

( 1) There is an incomplete exposure pathway to the receptor@) associated with the 
proposed assessment endpoint; or 

(2) There are missing components or data necessary to demonstrate a complete 
exposure pathway. 
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An asesment endpoint such as "proteCtian ofthe ecosystem from the effects of DDT" 

frumeggshell thinning due to DDTexposure" dkcts the risk assessment toward tbe food-chain 
transfer of DDT that d t s  in eggshen thinning m a specific group of birds. This assessment 
endpoint provides the foundation for identifying applopriate measmcs of effect and exposure 
and ultimately the design oftbe site in- It is not mxesary that a specific species of 
bird te identified on site. It is necessary drat the exposure pathway exists and tbat the presence 
of a piscivorous bird conld be expected. 

. would give little direction to the risk asssmm.  However, "prucection ofpiscivorms birds 

Copper Site 

- Copper can be acutely or chronically toxic to organisms in an aquatic community 
through direct expure  of the organisms to copper in the water and sediments. Threats of 
copper toxicity to higher-aophic-level organisms BR unlikely to exceed threats to organisms at 
the base of the food chain, because copper is an essential nutrient which is effectively regnlated 
by most organisms if the exposure is below immediately toxic levels. Aquatic plants 
(panrculariy phytoplankton) and mollusks, however. are poor at regulating copper and might be 
sensitive receptors or effenive in transf&ng copper to the next trophic level. In addition, fish 
fry can be very sensitive to copper in water. Based on these ~ccptars and the potential for both 
acute and chronic toxicity, an appqrhe general assesmmt cadpoint for the system could be 

assessment endpoint for this site would be pond f s h  and mvenebrate coWrnmity composition 
similar to that of other ponds of similar size and characteristics in the area. 

the maintenan= of aquatic comrmmity composition. An opaatianal defmitim of the 

PCB Site 

The primary ecological threat of PCBs in ecosystems is not through direct exposure and 
acute toxicity. Instead. PCBs bioafcumulate m food chains and can diminish reproductive 
success in some vertebrate spccies. PCBs have becn implicated as a cause of reduced 
reproductive success of piscivorous birds (e.g.. cormorants, tems) in the Great Lakes (Kubiak et 
al.. 1989; Fox et al., 1991) and of mink along several waterways (Aulaich and Ringer. 1977; 
Foley et al., 1988). Therefm, r e d d  qmductive success m higkmphc-level species 
exposed via their diet is a more appropriate assessment cndptnnt than cithcr toxicity to 
organisms via direct exposure to PCBs in water, sediments, or soils. or reproductive impairment 
in lower-trophic-level species. 

1 

I 
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One of the asessmcnt endpoints selected for the DDT site (Appendix A) is the 
protection of piscivorous birds. The site conceptad model indudes the release of DDT from 
the spill arcas to the adjacent stream, followed by food chain accumuh 'on of DDT from the 
scdimtnts and water tixough the lower trophic levels to forage fish in the stream. The foxage 
fish are the exposwe point for piscivorous birds. Eggshell thinning was selected as the measure 
of effect. During the littramrt review of the ecologd effects of DDT, toxicity studies w e n  
found that reponed reduced rrprodpctive success (Le., number of young fledged) in birds that 
experienced eggshell thinning of 20 pemznt or more (Andenon and Hickey, 1972; Didworth et 
al., 1972). Based on those data the lead risk assessor and risk manager agreed that eggshell 
thinning of 20 pcrcent or more would be considered an adverse effect for piscivorous birds. 

Chronic DDT txposure can also reduce some animals' ability to escape predation. 
Thus. DDT can indireffly increase the mortality rate of these organisms by making thtm man! 

susceptible to pl#laton (Cook 1971; Krebs et al., 1974). That effect of DDT on prey also can 
have an indirea conspence for the predators. If predators are mom likely to capture the more 
contaminated prey, the prulams could be exposed to DDT at levels higher than represented in 
~ a v e r a g e p r e y p o p u l a t i ~  

If case (1) is true, the proposed BsstssmtIlt endpoint should be reevaluated to determine if it 
is an appropriate endpoint for the site. If case (2) is true, then additional field data could be 
needed to evaluate contaminant fate and transport at the site. Failure to identify a complete 
exposure pathway that does exist at the site can result in incorrect conclusions or in extra 
time and effort being expended on a supplementary investigation. 

As indicated in Section 35, appropriate assessment endpoints differ from site to site, 
and can be at one or more levels of biological organizarion. At any particular site, the 
appropriate assessmtnt endpoints might involve local populations of a particular species. 
community-level integrity, andor habitat preservation. The site conceptual model must 
encompass the level of biological orgauization a p p q r h e  for the asstssment endpoints for 
the site. The conceptual model can use assumptions that generally represeat a group of 
organisms or ecosystem components. 

The intent of the conceptual model is not to describe a particular species or site 
exactly as much as it is to be systematic, representative, and conservative where information 
is lacking (with assumptions biased to be more likely to overestimate than to underestimate 
risk). For example, it is not ncctssary or even recolllTMnded to develop new test protocols to 
use species that exist at a site to test the toxicity of site media (See Step 4). Species used in 
standardized Iaboratoq toxicity tcsts (e.g., fathead minnows, Hyrtleh amphipods) usually are 
adequate surrogates for species in their general taxa and habitat at the site. 
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EXAMPLE 3-5 
Conceptual M ~ d d  Diagram-DDT Site 

I SECONDARY I '1 ASSESSMENT I 

TERTIARY SOURCE 1 PRIMARY RECEPIQR 
(Stream sediments, 1 

SECONDARY 

(Surface drainage) 

PRIMARY SOURCE 



Ecological xi& questions for the 
basehe risk assessment at Superfund sites 
are basidly questions about the 
relationships among assessment endpoints 
and their predicted responses when exposed 
to contaminants. The risk questions should 
be based on the assessment endpoints and 
provide a basis for developing the study 
design (Step 4) and for evaluating the 
results of the site investigation m the 
analysis phase (Step 6) and during risk 
Charactenzatl * 'on (Stcp 7). 

The most basic question applicable 
to virtually all Superfund sites is whether 
site-related contaminants are causing or have 

. the potential to cause adverse effects on the 
assessment endpoint@). To use the bascline 
ecological risk asesment in the FS to 
evaluate remedial alternatives, it is helpful if 
the specific c o n e t ( s )  responSibIe 
be identified. Thus refined, the question 

Null hyp- Usually a hypothesis of 
no differences between two populations 
formulated for the express purpose of being 
rejected. 

Test (or afoe-) hypothesis: An 
aperat id  soloement of the investigator's 
mearchhypothtsis. 

When -, formal hypothesis 
testing is prrfemd to make explicit what 
error raws are acceptablt and what 
magnitude of effect is considered 
biologicaily imporcant. However. it might 
not be pactid farmany assessmem 
endpoints or be the only acqtable way to 
state questions about those endpoints. see 
Example 4-1 m the next chapter. 

becomes "does (or could) chemical X cause adverse effects on the assessment endpoint?" In 
general, there are four lincs of evidence that can be used to answer this question: 

(1) comparing- or measured exposure levels to chemical X with levels that 
are known from the literature to be toxic to receptors associated with the 
assessment endpoints; 

Comparing laboratoy bioassays with media from the site and bioassays with media 
from a reference site; 

'(3) Comparing in situ toxicity tests at the site with in si& toxicity tests in a reference 
body of w-, and 

(4) Comparing observed effects in the receptors associated with the site with similar 
receptors at a reference site. 

These lines of evidence are considered further in Step 4, as measuremetlt endpoints are 
selected to complete the conceptual model and the site-specfic study is designed! 
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3.7 SCBErnRrnANAGEWrn OEClSlON POINT (SMDP) 

At 'the conclusion of Step 3, tkere is a SMDP. The SMDP consists of agreement & 
four items: contaminants of concem, assessment endpoints, exposurt patbways, and risk 
questions. Those items can be summanzed ' with the assistance of the dqram of the 
conceptual model. Without agreemmt between the risk manager, risk assessors, and other 
involved professionals on the conceptual model to this point, meannemeat endpoints cannot 
be s e l d  and a site study cannot be developed effectively. Example 3-5 shows the 
conceptual model for the DDT site example in Appendix A. 

By combining information on: (1) the potential contaminants Prcscnt; (2) the 
ecotoxicity of the Contaminants; (3) environmental fate and transport; (4) the ecological 
setting; ami (5) complete exposure pathways, an tvaluation is made of what aspects of the 
ecosystem at the site could be at risk and what the adverse ecological response could be. 
"Critical exposure pathways" are based on: (1) exposure pathways to sensitive species' 
populations or communities; and (2) exposure levels associated with predominant fate and 
trampon mechanisms at a site. 

Based on that information, the risk assessors and risk manager agree 011 assesmexu 
endpoints and specific questions or testable hypotheses that, together with the rest of the 
conceptual model, form the basis for the site investigation. At this stage, site-specific 
information on exposure pathways and/or the presence of specific species is likely to be 
incomplete. By using the conceptual mode1 developed thus far, meaSurement endpoints can 
be selected. and a plan for filling information paps can be developed and written into the 
ecological WP and SAP as described in Step 4. 
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The site conceptual model begun m Step 3, which includes asesment 
endpoints, exposure pathways, and risk questions or hypottrescs, is completed in Step 4 

to develop the study design and data quality objectives. Thc products of step4 are the 
ecological risk assesmmt &rp and SAP, wbicb describe the details of thc site 
investigation as well as the data analysis methods and data quality objectives @QOs). 
As part of the DQO process, the SAP specifies acceptable levels of decision errors that 
will be used as the basis for establishing ttpe quantity and qual~ty of data needed to 

with the development of measurement endpoints. The concqml model then is used 

support ecological risk lmmpnent decisions. 

The lead risk assesor and the risk manager should agree that the WP and SAP 
describe a study that will provide the riskmanagerwith the infannation needed to 
fulfjll the requirwtwtS of the baseline risk assesmmt and to incorporate ecological 
considerations into the site mnedial proctss. Once this step is completed, most of the 
professional judgment needed for the ecological risk asesment will have been 
incorporated into the design and details of the WP and SAP. This does not limit the 
need for qualified professionals m the irnplemcntation of the investigation, data 
acquisition, or data interpretation. However, there should be no fundamental changes 
in goals or approach to the ecological risk 8ssessmcllt once the WP and SAP are 
finalized. 

It is important to coordinate this step with the WP and SAP for the site 
investigation, which is used to document the nature and extent of contamhation and to 
evaluate human health risks. 

Step 4 of the ecological risk assessment establishes the measurement endpoints 
(Section 4.1). completing the collceptual model begun in Step 3. Step 4 also establishes the 

(Section 4.3) for the site asscssment that will accompany site-specific s t u d i z  remedial 
investigation. The site conceptual model is used to identify which points or ~ssumptions in 
the risk assessment include the greatat degree of coIlservatism or uncertainty. The field 
sampling then can be designed to address the risk model parameters that have important 
effects on the risk estimates (e.g.. bioavailabiiity and toxicity of contaminants in the field, 
contaminant concentrations at exposure points). 

study design (Section 4.2) and data quality objectives based on statistical c 'OILS I 

- 
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The products of Step 4 are the WP and SAP for theecological component of the field 
investigations (Section 4.4). Involvement of the BTAG in the preparation, review, and 

of W s  and SAPS can help ensure that the ecological risk assessment is well 
focused, performed efficiently, and technically correct. 

The W P  i d  SAP should specify the site conceptual model developed in Step 3. and 
the measurement endpoints developed in the beginning of Step 4. The WP describes: 

Assessmeat endpoints, 

Questions and testable hypotheses; 
~P=pathways ;  

Unceminti es and assumptions. 
tndpoints and their relation to assessment endpoints; and 

The SAP should desciibe: 

Data needs; 
Scientifically valid and suffiaent study design and data analysis procedures; 

Data reduction and interpmation technrques, including statistical analyses; and 
Quality assurance procedures and quality control tezhnlques. 

study methodology and protocols, including sampling techniques; 

The SAP must include the data reduction and interpretaton techniques, because it is necessary 
to known how the data wiil be interpreted to specify the number of samples needed. 

Prior to formal agreement on the WP and SAP. the propostd f d d  sampling plan is 
verified in Step 5. 

4.1 

As indicated in the Introduction, a measurement endpoint is defined as "a measurable 
ecological charactm 'stic that is related to the valued characteristic chosen as the assessment 
endpoint" and is a measure of biological effects (e.g.* mortality, reproduction, growth) (US. 
EPA, 1992a; although this definition may change-see U.S. EPA 1996a). Measurement 
endpoints are frtquently numerical expressions of obsermians (e.g., toxicity test results, 
community diversity measures) that can be compared statrstlcall y to a control or reference site 

endpoints can include mcasu~es of exposure (e.g., contaminant concentrations in water) as 
well as measures of effect. The relationship between measmment and assssmmt endpoints 
must be clearly described within the conceptual model and must be based on scientific 
evidence. This is critical kmare, the ascsment and rmuurement endpoints usually are 
different endpoiits (see the Innoduction and wigblight 4-1). 

. .  
to detect adverse reqmmes to a site con taminant. As used m this guidanq measurr-t 
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Typically, the number of 
measurement endpoints that are potentiaIly 
apprapriate for any g i m  assessment 
endpoint and circumstance islimid. The 
most 8 p p m p r h  -t endpoints for 
an assessment endpoint depend 011 several 
considerations, a primary one king how 
many and which lines of evidence are 

decisions at the site (see Section 3.6.2). 
Given the potential ramifications of site 
actions, the site risk manager might want to 
use more than me line of evidence to 
identify site-specific thresholds for effects. 
The risk manager and risk assesom must 
consider the utility of each type of data 
given the cost of collecting those data and 
the likely sensitivity of the risk estimates to 
thedara. 

needed to support risk-- 

There are some situations m which it 

.. 

Ma xmumment endpoint is 
lnismkm for an 8ssesmat endpoint. the 
mispaception can arise that Superfund is 
basing a lanadiation on an arbitmy or 
esatericjpstificatiaa. Forexampk 
protdon of a few invertebrate and algal 
species could be mistab as the basis for a 
remdial decision, when the acrual basis for 
the decision is the protection of the aqnatic 
Commrmity as a whole (including higher- 
trophic-levtlga~~~ f s h  that depend 10- 
naphi levels in the community), as 
indicated by a few sensitive invertebrate and 
algal species. 

might only be necesary or possible to compare estimated or measured contaminant exposure 
levels at a site to emtoxicity values derived fiom the litaaaaa For example, for 

of the standards indicates that remediation to reduce contaminant concentrations in surface 
waters to below these levels could be needed whether impacts are occtming or not. For 
assessment endpoints for which impacts are ciifficult to demonstate in the field (e.g., because 
of high natural variability), and toxicity tests are not possible (e.g., food-chain accumulation is 
involved), comparing environmental concentrations with a well-supported ecotoxicity value 
might have to suffice. 

contaminants in sllrface waters for which there are state water-quality standards, exceedance 

A bioasSay using contaminatPA media from the site u n  suffice if the risk manager and 
risk assessor agree that laboratory tests with surrogate species will be ta€ien as indicative of 
likely effects on the assessment endpoint. For sites with complex mixtures of contaminants 
without robust ecotoxicity values and high natural variability in potential measures for the 
assessment endpoint, either laboratary or in sim toxicity testing might be the best technique 
for evaluating risks to the assessment cndpomt. For inorganic substances in soils or 
s e b n t s .  bioassays often are nexded to determine the degree to which a contaminant is 
bioavailable at a particular site. Laboratory toxicity tests can indicate the potential for 
adverse impacts in the field, while in sizu toxicity testing with resident organisms can provide 
evidence of actual impacts occurring in the field. 

Sometimes more than one line of evidence is needed to reasonably demonstrate that 
contaminants from a site are likely to cause adverse effects on the Bssessment endpoint. For 

4-3 



example. total recoverable copper in a surface water body to wbich a water quality standard 
did not apply couid exceed aquatic ecotoxicity values, but not cause adverse effects beca& 
the copper is only partially bioavailable or because the ecotoxicity value is too comervative 
for the particular ecosystem Additional evidence from bioassays or community surveys 
could help resolve whether the copper is actually causing adverse effects (See Example 4-1). 
Alternatively, if stream community surveys indicate impairment of community structure 
downstream of a site, comparing contaminant concentrations with aquatic toxicity values can 
help identify which contaminants are most likely to be causing the effect. When some lines 
of evidence conflict with others, professional judgment is needed to determine which data 
should be considexed more reliable or relevant to the questions. 

EXAMPIE 4-1 
Unes of Ewidence-Coppr Site 

ambieat copper levels in sediments causing a d m e  effects in PrimrPey cgpaesdion: 
benthic Organisms in the p d ?  

Possible lines of evidence phrased as test hypotheses: 

(3) 

Mortality in d y  life stages of benthic aquatic insects in contact with 
sediments from the site significantly exceeds m&ty in the same kin& 
of 0-i in contact with wtiments from a reference site (eg., 
p 0.1). 

Monality in in Sine toxicity tests in sediments at the pond sigmficantly 
exceeds mortality in in sinr toxicity tests in sediments at a reference pond 
(e.g., p 0.1). 

There are significantly fewer numbers of benthic aquatic insect species 
present per m2 of sediment at the pond near tiae seep than at the opposite 
side of the pond (e.g., p 0.1). 

Statistical and biologicaJ significance: Diffmces in the incidence of adverse 
effects betwexm groups of organisms exposed to contaminants from the site and groups 
not exposed might be statistically signifkant, but not biologically important. depending 
on the endpoint and the power of the Statistical test. Natural systems can sustain some 
level of perturbation without changing in strumre or functian. The risk assessor needs 
to evaluate what level of effect will be considered biologically important. Given the 
limited power of small Sample sizes to detect an effect, the risk assessor might decide 
that any difference that is statistically detectable at a p level of 0.1 or less is important 
biologically. 
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once there is apement on which lines of evidence are rrquired to answer questions 
concwning the assessment endpoint, the v t  endpoints by which the questions or . , 
test hypotheses will be examined can be selected. 

Each measurement endpoint should represent the same exposure pathway and toxic 
mechanism of action as the asesment endpoint it represents; otberwist, irrelevant exposure 
pathways or toxic mechanrsms * might be evaluated. For example, if a contaminant primarily 
causts damage to vertebrate kidneys, the ost of daphnias (which do not have kidneys) would 
be impppriate. 

Potential measurement endpoints in toxiciv tests or in field studies should be 
evaluated according to how well they can answer questions about the ascsment endpoint or 

C onsidaations, including sample size and sfaristical power d c s c r i i  in Section 43, also must 
be considered in selecting the mamement endpoints. The following subsecdons &scribe 
additional considerations for selecting measuffment endpoints, including 
specieslcomxntmity/habitat (Section 4.1.1). relationship to the contaminant@) of concern 
(Section 4-12), and mechanisms of ecotoxicity (Section 4.13). 

support orrcfate the hypothtsts developed forthe canceptual model. statistical 

-4.8 .I SpecidCommunity/Habbt Considerations 

The function of a measurement endpoint is to repleswt an asesment endpoint for the 
site. The measurement endpoint must allow clear inferences abut potential changes in the 
assessment endpoint. Whenever assessment and measlaement endpoints are not the same 
(which usually is the case), measpremwt endpoints should be SeleEted to be inclusive of risks 
to all of the species, populations, or groups included m the assessment endpoint that axe not 
directly m e a s u r e d .  In other wards, the measurement endpoint should be rep~lesentative of the 
assessment endpoint for the site and not lead to an underestimate of risk to the assessment 
endpoint. Example 4-2 illustrates this point for the DDT site in Appendix A. 

In selecting a measurement endpoint, the species and life stage, population. or 
community chosen should be the one(s) most SuSceptible to the contarninant for the 
assessment endpoint in question. For species and populations, this selection is based on a 
review of the species: (1) life history; (2) habitat utilization; (3) behavioral characteristics; 
and (4) physiological parameters. Selection of measurement endpoints also should be based 
on which routes of exposure are likely. For communities, carefid evaluation of the 
contaminant fate and traz~sport in the environment is essential. 

4.12 Relationship of the Measurement Endpoints t~ the Contaminant of 
CoRCelWl 

Additional criteria to consider when selecting measurement endpoints are inherent 
properties (such as the physiology or behavioral characteristics of the species) or life hlstory 
parameters that make a species useful in evaluating the effects of site-specific contaminants. - 

4-5 



In the field of "otoxicology, there 
historically have been multiple definitions for 
some terms, including defiitions for direct 
effect& indirect effect& acme effect& chronic 
effects, acute tests, and cinunic tests. This 
multiplicity of definitions has resulted m 
miswdcmandings and inaccurate communication 
of smdy designs. Definitions of these and other 
tams. as they are used in this document. are 
provided m the glossary. when consultarg other 
reference materials, the user should evaluate how 
the authors defined trims. 

For example, Chironomur tentcurt (a .. 
species of midge that is used as a 
standard sediment toxicity testing 
species in the larval stage) is 
considered more tolerant of metals 
contamination than is C. ripurim, a 
similar species (Klemm et al., 1990; 
Nebeker et al., 1984; Pascoe et al., 
1989). To assess the effects of 
exposure of benthic communities to 
metai-contaminated rpniment c. 
riparhsmightbe the better species to 
use as a test organism for many aquatic 
systerns to ensure that risks are not 
underestimated In general, the most 
sensitive of the mcasurcmwt endpoints 
appropriate for idexring risks to the 
assessment endpoint should be used. If 

all else is equal, however, species that are commonly used in the laboratory are preferred over 
non-standard laboratory species to improve test precision. 

Some species have been identifkd as being particularly sensitive to certain 
contaminants. For example, numerous studies have demonstrated that mink are among the 
most sensitive of the tested mammall 'an species to the toxic effects of PCBs (US. EPA, 
1995a). Species that rely 011 quick reactions or behavid responses to avoid predators can 
be particularly sensitive to contaminants affecting the central nervous system, such as 
mercury. Thus, the sensitivity of the measurement endpoint relative to the assessment 
endpoint should be considered for each contaminant of concern. 

As described in Exampie 3-1, one of the assessment endpoints selected for the DDT site 
is the protection of piscivorous birds from egg-shell thinning due to DDT txposurr. The bclted 
kingfuher was selected as a piscivorous bird with the smallest home range that could utilize the 
area of the site, thereby maximizing the calculated dose to a receptor. In this illusaation, the 
kingfishers are used as the most highly exposed of the piscivorous birds potenthIly present. 
Thus. one can conclude that. if the risk assessment shows no threat of eggshell thinning to the 
kingfisher, there should be minimal or no threat to other piscivorous birds that might utilite the 
site. Thus, eggshell thinning in belted kingfishers is an appropriate mcaSuRmcnt endpoint for 
this site. 
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A contaminant can exert adverse ecological effects m many ways. First, a 
contaminant might affect an organism after exposure for a short period of time (acute) or afttr 
exposure over an extended period of time (chronic). Second, the effect of a contaminant 
could be lethal (killing the Organism) or sublethal (Cansing advase effects other than death, 
such as reduced growth, behavioral changes, etc.). Sublethal effects can reduce an organism's 
lifespan or reproductive success. For example, if a contaminant reduces the reaction speed of 
a prey species, the prey can became more susceptible to pledatlon. Third, a coataminant 
might act M y  or indirectly on an organka Dins effects include lethal ar sublethal 
effects of the chemical on the organism. Indkcteffeastxmrwtncnthe contaminant 
damages the food habitat, pmiator-prey relationships, or competition of the wganism m its 
community. 

Mechauisms of ecotoxiaty and exposu~ pattrways have already been considered 
during p b l e m  formulaton and identification of the asesment endpomts. However. toxicity 
issues are revisited when selecting appmpiate measrpement endpoints to ensure that they 
measure the assessment endpoint's toxic response of concern. 

c 

In Section 4.1, one or more lines of evidence that could be used to answer questions 
or to test hypotheses concunhg the asesment endpomt(s) were identified. This section 
provides recommendations on how to design a field study far: bioaccumdation and field 
tissue residue studies (Section 42.1); popuhidcomumnity evaluations (Section 42.2); and 
toxicity testing (Section 42.3). A thorough un&rstanding of the strengths and hitarions of 
these types of field studies is necessary to proply design any investigation. 

Typically. no one line of evidcnce can stand on its own. Analytic chemistry on co- 
located samples and other lines of evidence are needed to support a conclusion. When 
population/community evaluations are coupled with toxicity testing and media chemistry. the 
procedure often is referred to as a triad approach (Chapman et al., 1992; Long and Chapman, 
1985). This method has proven effective m defining the area affected by contaminants in 
sediments of several large bays and estuaries. 

The development of exposure-response relationships is critical for evaluating risk 
management options; thus, for all three types of studies, sampling is applied to a 
contamination gradient when possible as well as compared to reference data. Reference data 
are baseline values or chmctenm * 'cs that should represent the site in the absence of 
contaminants released from the site. Reference data might be data collected from the site 
before contamination occurred or new data collected from a refmce site. The referen# site 
can be the least impacted (or unimpacted) area of the Suptrfund site or a-nearby-site that is 
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ecologically similar, but not affected by the site’s contaminants. For additional information 
on selecting and using reference information in Superfund ecological risk assessments, see 
ECO Update Volume 2, Number I (US. EP& 19%~). 

The following subsections present a starting point for selecting an appropriate study 
design for the Merent types of bioiogicai saniphg that might apply to the site investigation. 

4.2.6 Bio.accunamla!ion and Reid ?issue Residue Studies 

Bioaccumulation and field tissue residue studies typically are conducted at sites where 
con taminants are likeiy to accumulate in food chains. The studies help to evaluate 
contaminant exposure levels associated with measures of effect for assessment endpoint 
species. 

The degree to which a contaminant is transferred througb a food chain can be 
evaluated in several ways. The most common type of study reported in the literanue is a 
contaminant bioaccumulation (uptake) study. As indicated m Section 2.2-1, the most 
conservative BAF values identified in the literature generally are used to estimate 

. bioaccumulation in Step 2 of the screening-level risk assessment. Where the potential for 
overestimating bioaccumulation by using conservative l i t e m  values to represent the site is 
substantial, additional evaluation of the literature for values more likely to apply to the site or 
a site-specific tissue residue study might be advisable. 

A tissue residue study generally is conducted on organisms that are in the exposure 
pathway (Le.* food chain) associated with the assessmc3lt endpoin~ Dam seldom are available 
to iink tissue residue levels in the sampled arganisms to adverse effects in those organisms. 
Literaturc toxicity studies usually assodate effects with an a d m u x e d  . .  dose (or data that can 
be converted to an admmmed dose), not a tissue d u e  level. Thus, the purpose of a field 
tissue residue study usually is to measure contaminant concentrations in foods consumed by 
the species associated with the assessment endpint. This measurement minimhes the 
uncertainty associated with escirnating a dose (or intake) to that species, particularly in 
situations in which several media and trophic levels are in the exposure pathway. 

. .  

The concentration of a contaminant in the Primary prey/food also should be linked to 
an exposure concentration from a contamhted medium (e.g., soil, sediment, water), because 
it is the medium, not the food chain, that will be mnedkmL nus, contaminant 
concentrations must be measurd in environmental media at the same locations at which the 
organisms are collected along contaminant gradlcnts and at reikrence locations. co-located 
samples of the contamimed xnedium and organisms are needed to establish a correlation 
between the tissue residue leveis and c o n m o n  levels m the medium under evaluation; 
these studies are most effective if conducted over a gradient of contaminant concentrations. 
In addition, tissue residues €torn sessik organisms (e+ rootcd plants, clams) are easier to 
attribute to specific contaminated areas than are tissue residues from mobile organisms (e.g.,. 
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large fish). Example 4-3 illustatcs these concepts using the DDT site example in 
Appendix A. 

In the DDT site example, a forage fish (e.g., creek chub) will be collected at 
several locations with known DDT cwceLlpatiolls in d i m e n s  . Theforagefishwillbe 
analyzed for body burdens of DDT, and the relationship between the DDT levels m the 
sediments and the levels in the forage fish will be established. The forage fish DDT 
concengrations can be used to evaluate the DDT threat to piscivorous birds feeding on 
the forage fish at each location. Using the DDT concentrarions measured in fish that 
cotrespond to a LOAEL and NOAEL for adverse effects in birds and the relationshxp 

and in the forage fish, the corresponding 
Those sediment DDT concentrations 

between the DDT levels m the d imem 
contamination levels can be estimated. 

can then be used to estimate a cleanup level that would reduce threats of eggshell 
thinning to piscivorous birds. 

Although it might seem obvious, it is imponant to collfirm that the organisms 
examined for tissue residue levels are in the exposure pathways of concern established by the 
conceptual model. Food items targeted for collection should be those that are likely to 
constitute a large portion of the diet of the species of concern (e.g., new growtb on maple 
trees, rather than ranail.r, as a faod source for deer) and/or represent pathways of maximum 
exposure. If not. erroneous conclusions or study delays and added costs can result. Because 
specific organisms often can only be captured in one season, the timing of the study can be 
critical, and failure to plan accordingly can result in serious site management difficulties. 

There are numerous factors that must be considered when selecting a species in which 
to measure contaminant residue levels. Several investigaton have discusstd the "ideal" 
characteristics of the species to be collected and analyzed. The recommendations of Phillips 
(1977, 1978) include that the species selected should be: 

(1) Able to accumulate the chemical of concern without being adversely affected 
by the levels encountered at the site; 

(2) Sedentary (small home range) in order to be representative of the area of 
collection; 

(3) Abundant in the study area; and 
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(4) Of reasonable size to give adequate tissue for analysis (e.g.* 10 grams for 
organic analysis and 0.5 gram for metal anaiysis for many laboratories (Roy %. 
WestoXL hc., 1994)). 

Additional considerations for some situations would be that the species is: 

(5) Sufficiently long-lived to allow for sampling more than one age class; and 

(6) Easy to sample and hardy enough to survive in the laboratory (allowing for the 
organisms to ehinate  contaminants from their gastrointestinal tract prior to 
analysis, if desired and allowing for laboratory studies on the uptake of the 
contaminant). 

It is usually not possible or necessary to fmd au organism that Mi all of the above 
requirements. The selection of an organism for tissue analysis should balance these 

with the hypotheses being tested, knowledge of the contaminants' fate and C h a r a c t e n s t l a  
transport, and the practicality of using the particular species. In the following sections, 
several of the factors mentioned above are described in greater detail. 

. .  

aabiSRy to zPccrsrnuBate the conhaminant. The objectives of a tissue residue study 
are (1) to measure bioavailability directly; (2) to provide site-specifrc estimates of exposure to 
higher-trophic-level oqanims; and (3) to relate tissue residue levels to concentrations in 
environmental media (e.g., in soil, dimeat, or water). Sometimes these studies as0 can be 
used to link tissue residue leveis with observed effects in the organisms sampled. However, 
ina"pure"accmnulatl -on study, the species selected for collection and tissue analysis should 
be ones that can accumulate a contaminant(s) without being adversely affected by the levels 
encountered in the environment. While it is di€ficdt to evaluate whether or not a population 
in the field is a f ' f d  by accumulation of a contaminant, it is imponant to try. Exposure that 
results in adverse responses might alter the animal's feeding rates or efficiency, diet, degree 
of activity, or metabolic rate, and thereby influence the animal's daily intake or accumuiation 
of the contaminant and the tstimated BAF. For example, if the rate of bioaccumuiation of a 
contaminant in an organism deneases with increasing enviranmcatal concentrations (e-g., its 
toxic effects reduce food consumption rates), using a BAF determined at low environmental 
concentrations to estimate bioaccumulation at high environmental concentrations would 

concentrations (e.g.* its toxic effects impair the organisms' ability to excrete the conraminant), 
using a BAF determined at low environmental concentrations wouid underestimate risks at 
higher environmental concentrations. 

overestimate risk. Conversely, if bioaccumulaion incrcascd with increasing environmental 

Consideration of the physiology and biochcmhy of the species selected for residue 
analysis also is important. Some species can metabolize certain organic contaminant(s) (e.g.. 
f s h  can metaboIize PAHs). If scveral diffcrrnt typa of prey are consumed by a species of 
concern, it would be more appropriate to analyze prey species that do not metabolize the 
contaminant. 
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Home range. When selecting species for residue analyses, one should' be confident 

envinmmental media under evaluation. Ohenvise, valid condusions cannot be drawn about 
ecological risks posed by contaminants at the site. The home rauge, particulariy the foraging 
areas within the home range, and movemeLlt patterns of a species are important in making this 
demmination. Organisms do not utilize the en-t uniformly. For species that have 
large home ranges or are migratory, it can be difficult to evaluate potential exposure to 
contaminants at the Site. Attribution of amtaminant levels m an organism to contaminant 
levels in the surrounding environment is easiest for enimaln with smaIl home and foraging 
ranges and limited movement panerns. Examples of organisms with small hame mges 

andsmallmammalk. 

that the contaminant levels found in the organism depend on the con taminantlevelsinthe-- 

indude young-of-the-year fisk bunowing cnmacea (such as fiddler crabs or some crayfish), 

Species also should be selected for residue analysis to maximize the overlap between 
the area of contamination and the species' home range or feeding range. This provides a 
conservative evauation of potential exposure levels. The psibiIity that a species' preferred 
foraging areas within a home range overlap the areas of maximum contamhation also should 
be considered. 

Population sb. A species selected for tissue residue analysis should be sufficiently 
abundant at the site that adequate numbers (and sizes) of individuals can be collected to 
support the tissue mass requirements for chemical analysis and to achieve the Sample size 
needed for statistical comparisons. The organisms actually collected should be not only of 
the same species, but also of similar age or size to reduce data variability when BAFs are 
being evalnaterl. The practicality of using a particular species is evaluated in Step 5. 

S'rrelcomip~siteS. When selecting species in which to measure tissue d u e  levels, 
it is best to have individual animals large enough for chemical analysis, without having to 
pool (combine) individuals prior to chemical analysis. However, composite samples will be 
needed if individuals from the species selected cannot yield sufficient tissue for the required 
analytical methods. Linking contaminant levels in organisms to concentrations in 
environmental media is easier if composites are made up of members of the same species, 
sex, size, and age, and therefore exhibit similar accumulation characteristics. When deciding 
whether or not to pool samples, it is imponant to consider what impact the loss of 
information on variability of contaminant levels along these dimensions will have on data 
interpretation. The size, age, and sex of the species collected should be rrpresentative of the 
range of prey consumed lby the species of concern. 

Summary. Although it can be difficult to meet aI1 of the suggested crib for 
selecting a species for tissue residue studies, an attempt should be made to meet as many 
criteria as possible. No fonnula is available for ranking the factors in order of importauce 
within a panicular site investigation because the ranking depends on the study objectives. 
However, a key criterion is that the organism be sedentary or have a limited home range. It 
is difficult to connect site contamination to organisms that migrate over great distances or that 



have extremely large home ranges. Further information on factors that can influence 
bioacEumuiation is available fiom the literature (e.g., Phillips, 1977, 1978; U.S. EPA, 199Sd). 

- 
Populatidcommunity evaluations, or biological fieid surveys, are potentially useful 

for both contaminan& that are toxic to organisms through direct exposure to the ContaminatPrl 
medium and contambants that bioaecumulate in food chains. In either case, careful 
consideration must be given to the mechanism of contaminant effects. Since 
population/community evaluations are "impact" evaluations, they typically m not predictive. 
The reiease of the contaminant must already have occurred and exerted an effect in order for 
the population/community evaluation to be an effective tool for a risk assesment. 

Population and community surveys evaluate the current status of an ecosystem, often 
using several measures of population or community structure (e.g., standing biomass, species 
richness) or function (e.g., feeding group analysis). The most commonly used measures 
include number of species and abundance of organisms in an ecosystem, although some 
species are difficult to evaluate. It is difficult to detect changes in top predator populations 
affected by bioaccumulation of substances in their food chain due to the mobility of top 
predators. Some species. most notably insects. can develop a tolerance to contaminants 
(particularly pesticides); in these cases, a population/community m e y  would be ineffective 
for evaluating existing impacts. W e  popularion/commuuity evaluations can be nseU the 
risk assessors should consider the level of effort required as well as the difficulty in 
accounting for natural variability. 

A variety of population/community evaluations have been used at Superfund sites. 
Benthic macroinvertebrate s\trveys are the most commonly conducted population/community 
evaluations. There are methods manuals (e.g., U.S. EPA 1 9 8 9 ~ ~  199Oa) and publications that 
describe the technical procedures for conducting these studies. In CeRain instances, fish 
community evaluations haw proven useful at Superfund sites. However, these investigatiuns 
typically are more labor-intensiw and costly than a comparable macroinvertebrate study. In 
addition, fish generally are not sensitive measmes of the effects of sediment contamination, 
because they usually are more mobile than benthic macminvertebrates. Terrestrial plant 
community evaluations have been used to a limited extent at Superftnd sites. For those 
sweys, it is important to include information about historical land use and phys id  habitat 
disruption in ?he uncmahy d y s i s .  

Additional information on designing fieid studies and on field study metbods can be 
found in ECO Update VoZume 2, Number 3 (U.S. €PA, 1994d). 

Although population- and community-level studies can be valuable, several factors can 
confound the interpretation of the results. For example, many fish and d mammal 
populations nonnally cycle in relation to population density, food availability, and other 
factors. Vole populations have been known to reach thouslpads of individuals per acre and 
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then to decline to as low as tens of individuals per acre the following years without an 
identifiable external stressor (&Der, 1979). It is hportant that tbe "noise of the system" be 
evaluated so that the impaCtr attriiuted to chemical contambation at the site are not actually 
the d t  of di€f't, "naturaI" factors. Populations located relatively close to each other can 
be a f f e m d  independatly one might undergo a crash, while another is peaking. Physical 
Charactens tics of a site can isolate populations so that one population level is not a good 
indicator of anotheq far example, a paved highway wn be as effective a baniex as a river, 
and populations on either Side can fluctuate d q m d e a l  y. Failure to evaluate such issues 
can result in erroneous conMons. The level of effort required to resolve some of these 
issues can make population/cornmuni~ evaluations impmid in some -s. 

4.2.3 Toxicity Besting 

The bioavailability and toxicity of site contaminants can be tested directiy with 
toxicity tests. As with other methods, it is critical that the media tested are in eqxmzre 
pathways relevant to the asssment endpoint. K the sire caaceptual mode1 involves exposm 
of benthic invertebrates to con- sediments, then a solid-phase toxicity test using 
con taminated sediments (as opposed to a water-column exposure test) and an infaunal species 
would be appropriate. As indicated earlier, the species tested and the responses measufed 
must be compatible with the mechanism of toxicity. Some common site contaminants are not - 
toxic to most organisms at the same environmental concentrations that threaten top predators 
because the cornaminam biomagnifies in food drains (e.g., PCBs); toxicity tests using 
contaminated media from the site would not be appmpiiate for evaluating this type of 
ecological threat. 

There are numerous U.S. €PA methods manuals and ASTM guides and procedures for 
conducting toxicity tests (see references in the Bibliography). While documented methods 
exist for a wide variety of toxicity tests, particularly laboratory tests, the risk assessor must 
evaluate what a panicular toxicity test measures and, just as importantly, what it does not 
measure. Questions to consider when selecting an appropriate toxicity test include: 

What is the mechanism of toxicity of the contaminant(s)? 

What contaminated media are being evaluated (water, soil, sediment)? 

What toxicity test species are available to test the media being evaluated? 

What life stage of the species should be tested? 

What should the duration of the toxicity test be? 

Should the test organisms be fed during the test? 

What endpoints should be meanued? 
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There are a iimited number of toxicity tests that are readily available for testing 
environmental media. Many of the aquatic toxicity tests were developed for the regulationof 
aqucous discharges to surface waters. These tests are ~ s e f ~ l ,  but one must consider the 
origrnal purpose of the test. 

New toxi& tests are being developed continualiy and can be of value in designing a 
Superfund site ecological risk assessmm. However, when non-standard tests are used, 
domplete documentation of the specific test procedures is necessary to support use of the data, 

In situ toxicity tests involve placing organisms in locations that might be affected by 
site contaminants and in reference locations. Non-native species should not be used, because 
of the risk of their release into the environment in which they could adversely a€€'' (e-g., 
prey on or outcompete) resident species. IR situ tests might provide more realistic evidence 
of existing adverse effects thaa labommy toxicity tests; however, the investigator has M e  
control over many environmental parameters and the experimental organisms can be lost to 
adveme weather or other events (e+ human interference) at the site or teference location. 

For a d d i t i d  information on using toxicity tests in ecological risk asessments, see 
- 

ECO Updme Volume 2. Numbers I and 2 (US. EPA, 1994bg). 

4.3 DATA QUIZLSTY OBJECB'WES AND STATM'llCAL CONSIDERATIONS 

The SAP indicates the number and location of samples to be taken, the number of 
gsamplingldons.  In . .  repliAtes for each sampling location, and the method for detemmm 

spewing those parameters, the investigator needs to consider, among other things, the DQOs 
and statistical methods that will be usedto anaiyze the data 

4.3.1 Data Quality Objectives 

The DQO process represents a series of planning steps that can be employed 
throughout the development of the WP and SAP to ensure that the type, quantity, and quality 
of environmental data to be collected during the ecological investigation are adequate to 
support the intended appkation. Problem formulation in Steps 3 and 4 is essentially the 
DQO process. By employing problem formulation aud the DQO process, the investigator is 
able to define data requirements and exror levels that are acceptable for the investigation prior 
to the collection of data This approach helps ensure that results are appropriate and 
defensible for decision making. The specifrc goals of the general DQO process are to: 

0 Clarify the study objective and define the most ;ipproPriate types of data to 
collect, 

Determine the most approPriate field conditions under which to collect the dam; 
and 
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e Spec@ acceptable levels of decision errors that will be used as the basis for 
establishing the quantity and quality of data needed to support risk management 
decisions. 

As the discussion of Steps 3 and 4 indicates, those goals are subsumed in the pmbiem 
fondation phase of an ecological risk assessment. Several US. EPA publications provide 
detailed descriptions of the DQO process (US. EPA, 1993c.d.f. 1Wf). Bezause many of the 
steps of the DQO process are already covered durmg problem foxmuhion, the DQO process 
should be reviewed by the mvmigator and applied as needed. 

Sampling locations can be selected "randomly" to characterize anareaornon- 
randomly, as along a contaminant concentration gradient. The way m which sampling 
locations are selected determines which statistical tests, if any, are 
test hypotheses. 

for evaluating 

If a toxicity test is to be used to identify contaminant concentrations in the 
environment associated with a threshold for adverse effects, the statistical power of the test is 
important. The threshold for effects is assumed to be between the NOAEL and LOAEL of a 
toxicity test (see Section 73.1). For toxicity tests that use a smaU number of test and control 
organisms or for which the toxic response is highly variable, the inuwse in response rate of 
the test animals compared with controls often must be relatively high (e.g., 30 to 50 percent 
increase) for the response to be considered a LOAEL (i.e., statistically increased level of an 
adverse response compared with control levels). If a NOAEL-to-LO- range that might 
represent a 20 to 50 percent increase in adverse effect is unacceptable (e.g., a population is 
unlikely to sustain itself with an additional 40 percent mortality), then the power of the study 
design must be increased, usuaily by increasing sample size, but sometimes by taking full 
advantage of aU available infoxmation to improve the power of the design (e.g., stratified 
sampling, special tests for trends, etc.). A limitation on the use of toxicity values from the 
literature is that often, the investigator does not discuss the statistical power of the study 
design, and hence does not indicate the minimum statistically detectable effect level. 
Appendix D describes additional statistical considerations, including a description of Type I 
and Type II error, statistical power, statistical models, and power efficiency. 

In evaluating the results of statistical analyses, one should remember that a statistically 
significant difference relative to a control or reference population does not necessarily imply a 
biologically important or ecologically significant difference (see Example 4-1). 

4.4 CONTENTS OF WORK P U N  AND SAMPLING AND ANALYSIS PLAN 

The W and SAP for the ecological investigation should be developed as part of the 
initial RI sampling event if possible. If not, the WP and SAP can be developed-as an 
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additional phase of the site investigation. In either case, the format of the WP and SAP 
should be similar to that described by U.S. EPA (1988% 1989b). Accordingly, those - 
documents should be consulted when developing the ecological investigation WP and SAP. 

The W and SAP are typically written as separate documents. In that case, the WP 
can be submitted for the risk manager’s review so that any concems with the approach can be 
resoived prior to the development of the SAP. For some d e r  sites, it might be more 
practical to combine the two documtnts, in which case, the investigators should discuss the 
overall objectives and approach with the risk manager to ensure that all parties agree. 

The WP and SAP are briefly described in Sections 4.4.1 and 4.4.2 respectively. A 
plan for testing the SAP before the site WP and SAP are signed and the investigation begins 
is described ih Section 4.4.3. 

The purpose of the WP is to document the decisions and evaluations ma& during 
problem formulation and to identify additional investigative tasks nPrAPld to complete the 
evaluation of risks to ecological resources. As presented in U.S. EPA (1988a). the WP 
generally includes the following: 

0 A general overview and background of the site including the site’s physical 
setting, ecology, and previous uses; 

0 A summary and analysis of previous site hvestigations and conclusions; 

0 A site conceptual model, including an identification of the potential exposure 
pathways selected for analysis, the assessment endpoints and questions or 
testable hypotheses, and the measurement endpoints selected for analysis; 

e The identification of additional site investigations needed to conduct the 
ecological risk assessment; and 

0 A description of assumptions used and the major sources of uncertainty in the 
site conceptual model and existing information. 

The general scope of the additional sampling activities also is presented in the WP. A 
detaiied description of the additional sampling activities is presented in the SAP along with an 
anticipated schedule of the site activities. 

4.4.2 Sampling and Analysis Plan 

The SAP typically consists of two components: a field sampling plan (FSP) and a 
quality assurance project plan (QAPP). The FSP provides guidance for all field work by 
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providing a detailed description of the sampling and data-gathering proctdurw to be used for 
the project. The QAPP provides a description of the steps required to achieve the objectives 
dictated by the intended use of the dara 

Field sampling p h .  The FSP provides a detailed description of the SampIeS 
needed to meet the objectives and scope of the investigation outlined in the W. The FSP for 

withthe 
site would be able to gatha all the samples andlor required field data based 011 the guidelines 
presented in the documtnt The FSP for the ecological investigation should include a 
description of the following elements: 

the ecological asesment should be detailed enough that a samphg team unfamrllar . -  

Sampling type and objectives; 
Sampling I d o n ,  timing, and frequency; 
Sample designation; 
Sampling equipment and procedures; and 
Sample handling and analysis. 

A detailed description of those elements for chemical analyses is prowaded in Appendix B of 
U.S. EPA (1988a). Similar specifications should be developed for the biological sampling. 

Quality asslarianee project pian. The objective of the QAPP is to provide a 
description of the policy, organization, functional activities, and quality control protocols 
necessary for achieving the study objectives. 
contained in a QAPP. 

US. EPA has prepared guidance on 
the contents of a QAPP (US. =A, 1987a. 
1988a. 1989a). Formal quality assurance 
and quality control (QNQC) procedures 
exist for some types of ecological 
assessments, for example, for laboratory 
toxicity tests on aquatic species. For 
standardized laboratory tests, there are 
formal QNQC procedures that specify (1) 
sampling and handling of hazardous wastes; 
(2) somces and culturing of test organisms; 
(3) use of reference toxicants, controls. and 
exposure replicates; (4) instrument 
calibration; (5) record keeping; and (6) data 
evaluation. For other types of ecological 
assessments, however, QNQC procedures 
are less well defined (e.g.. for biosurveys of 
vegetation, terrestrial vertebrates). BTAG 

Highlight 4-3 prrscnfs the elements typically 

(3) 

(4) 

HIGHUGHT 4-3 
Elements of a QAPP 

Project description 
Designation of QNQC 

rrsponsibiiities 
Statistical tests and data quality 

objectives 
Sample colle!ction and chain of 

Sample analysis 
System controls and p e n t i v e  

maintenance 
h d k e e p r n g  
Audits 
correctiveanians 
Quality control reporu 

CPStOdy 
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mcmbers can provide input on appropxiate QNQC procedures based on their experience with .. 
Superfund sites. 

4.4.3 Field Verification of Sampling Pian and Contingency PUans 

For biological sampling, uncontrolled variables can influence the availability of species 
to be sampled, the efficiency of different types of sampIing techniques, and the level of effort 
required to achieve the Sample sizes specified in the SAP. As a consequence, the risk 
assessor should develop a plan to test the sampling design before the WP and SAP are signed 
and the site investigation begins. Otherwise, field sampling during the site investigation could 
fail to meet the DQos specified in the SAP, and the study could fail to meet its objectives. 
Step 5 provides a description of the field verification of the sampling design. 

- 

To the extent that potential field problems can.be anticipated, contingency plans also 
should be specified in the SAP. An example of a contingency plan is provided in Steps 5 and 
6 (Examples 5-2 and 6-1). 

41.5 SCJE~FIC/IMBMAGEMEW DECISION POINT (SMDR) 

The completion of the ecological risk assessment WP and SAP should coincide with 
an SMRP. Within this SMDP, the ecological risk assessor and the ecological risk manager 
agree on: (1) selection of measurement endpoints; (2) selection of the site investigation 
methods; and (3) selection of data reduction and interpretation techniques. The WP or SAP 
also should specify how inferences will be drawn from the measurement to the assessment 
endpoints. 

4.6 SUMMARY 

At the conclusion of Step 4. there will be an agreement on the contents of the WP and 
SAP. As noted earher, these plans can be parts of a larger W P  and SAP that are developed 
to meet other remedial investigation needs, or they can be separate documents. Wben 
possible. any field sampling efforts for the ecological risk assessment should overlap with 
other site data collection efforts to reduce sampling costs and to prevent redundant sampling. 

The WP and/or the SAP should specify the methods by which the collected data will 
&e analyzed. The plan(s) should include all foodchain-exposure-model parameters, data 
reduction techniques. data interpretation methods, and statistical analyses that will be used. 
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Before the WP and SAP are signed it is impartant to verify that the field 
sampling plan they specify is a p p p m t e  and implenmtable at h site. If this has not 
atready been done, it should be done now. During field verification of the sampling 
design, the testable hypotheses, e~tposure pathway modeps, and measuffment enripoinzs 
are evaluated for their 
endpoint(s), however, should not be rmdet evaluation in this step; the appropriateness 
of the assessment endpoint should have been  solved in Step 3. If an asesment 

entire process leading to the acmal site mvestigation in Step 6 assumes the selection of 
appropriate assessment endpomts. 

and inplementabw. The asesment 

endpoint is changed at this step, the risk asessor€Qust retllIll to step 3, because the 

II 1' 

5.1 PURPOSE 

The primary purpose of field verification of the sampling plan is to ensure that the 
samples specified by the SAP actually can be collected. A species that will be associated 
with a measurement endpoint and/or exposure point concentration should have been observed 
at the preliminary site charammm 'on or noted during previous site visits. During this step, 
previously obtained information should be verified and the feasibility of sampling will need to 
be checked by a site visit Rehmary sampling will &tennine if the targeted species is 
present and--equally importaut-collectable in sufficent numbtrs or total biomass to meet 
data quality objectives. This p rehumy field assessment also allows for fmal canfvmation 
of the habitats that exist on or near the site. Habitat maps are v d i e d  a final time, and 
interpretations of aerial photographs can be checked. 

F d  decisions on reference areas also should be made in this step. The Eference 
areas should be chosen to be as similar as possible to the site in all aspects except 
contamination. Parameters to be evaluated for similarity include, but are not limited to: 
slope, habitat, species potentially present, soil and sediment cbracmm 'cs, and for surface 
waters, flow rates. substrate type, water depth, temperarure, turbidity, oxygen levels, water 
hardness, pH, and other standard water quality parameters. If several on-site habitats or 
habitat variables are being investigated, then several reference areas could be required. 
Reference areas should be as free of site-related contaminants above background levels as 
practical. 
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5.2 DETERMINING SAMPLONG IFEBS1BILDa;ll 

When sampling biota, it is Micult to predict what level of effort will be necessary to 
obtain an adequate number of individuals of the required size. Some preliminary field 
measurements often can help detexmine adequate sampIing efforts to attain the sample sizes 
specified in the SAP for statistical analyses. The WP and SAP should be signed and the site 
investigation should be implemented immediately after verification of the sampling design to 
limit effects of uncontrolled field variables. For example, evaluation of ament small 
mammai population density might indicate to the investigator that 400 trapnights instcad of 
50 are necessary to collect the mpmd number of small mammals. If there is atime lag 
between the field sampling verification and the actual site investigation, it could be necessary 
to revem the field sampiing to determine if conditions have changed. 

Sampling methods for abiotic media also should be tested. There is a wide variety of 
sampling devices and methods, and it is important to use the most appropriate, as the 
following examples illustrate: 

e When sampling a stream's d a c e  water, if the stream is only three inches 
deep, collecting the water directly into 32-ounce bottles would not be practical. 

e Sampling the substrate in a stream might be desirable, but if the substrate is 
bedrock, it might not be feasible or the intent of the sampling design. 

An exposure-response  lat ti on ship between contamination and biological effects is a 
key component of establishing causality during the analysis phase of the baseline risk 
assessment (Step 6). Ifextent-of-con taminarion sampling is conducted in phases, abiotic 
exposure media and biotic samples must be collected simultaneously because the interactions 
(both temporal and spatial) between the matrix to be remcdiated and the biota are crucial to 
the development of a field exposure-hsponse relationship. Failure to collect one Sample 
properly or to coordinate samples temporally can significantly impact the interpretation of the 
data. 

Sampling locations need to be checked to make sure that they are appropriately 
described and placed within the context of the sampling plan. Direztions for a sediment 
sample "to be taken 5 feet h t h e  north side of stream A," could cause conhion ifthe 
stream is only 4 feet wide, or if the sampler doesn't h o w  if the sample should be taken in 
the stream, or 5 fect away from the edge of the stream. All samples should be checked 
against the intended ust of the data to be obtained. 

All pathways for the migration of contaminants off site should be evaluated, such as 
windblown dust, surfact water runoff, and erosion. Along these pathways, a gradient of 
decreasing contamination with increasing distance h m  the site might exist. Site-specific 
ecological evaluations and risk assessments can be more useful to rislc managers if @enU 
of contamination can be located and evaluated. 
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cantaminant migratian pathways might have changed, eithex due to natural ~s 
(e.g., storms) or site remediation activities (e.g., erosion channels might have been filled or. . 
dug up to prevent further migration of contaminants). channtls of small or large streams. 
brooks, or rivers might have moved; sites might have been flooded. All of the assumptions 
of the migration and exposure pathways need to be veTified prior to the full site investigation. 
If a contaminant merit is necessary for the sampling plan, it is important to verify that the 
gradmt exists and that the range of contaminzmt concenpations is appropriate. A gmhent of 
contamination that causes no impacu at the highest concentmion xmzmred has as littie value 
as a gradient that kills evtrything at the lowest concmtratioa measur& in either case, the 
gradrent would not providc usefial exposure-response information. A gradient verification 
tequireS chemical sampling, but field screening-level analyses might bc effective. 

These and othcr problems assocfated - with the practical implementation of sampling 
should be resolved prior to finalizing the SAP to the extent practicable. Assessing the 
feasibility of the sampling plan before the site investigation begins saves costs in the long 
term because it minimixcs the chances of fiding to meet DQOs during the site investigation. 

Examples 5-1 and 5-2 describe the field verification of the sampling plan for the 
hypothetical copper and DDT sites illustrated in Appendix A. Note that the scope of the field 
verification differs for the copper and DDT sites. For the DDT site, a modification to the 
study design was necessary. For both sites, the issues were resolved and a sign-off was 
obtained at the SMDP for this step. 

Any change in measurement endpoints will require that exposure pathways to the new 
measurement endpoint be checked. The new meaSufemeRt endpoint must fit into the 
established conceptual model. Changes to measurement endpoints might require revision of 
the conceptual model and agreemRnt to the changes at the SMDP. It is highly desirable that 
the agreed-upon conceptual model should be modified and approved by the same basic group 
of individuals who developed it. 

5.3 SCIENlIFIC/AIOANAGEMENT DECISUOM POINT (SMDP) 

The SMDP for the field verification of the sampling design is the signing of the 
finalized W P  and SAP. Any changes to the investigation proposed in Step 4 must be made 
with agreement from the risk manager and risk assessment team. The risk manager must 
understand what changes have been made and why, and must ensure that the risk management 
decisions can be made from the infomation that the new study design can provide. The risk 
assessors must be involved to ensure that the assessment endpoints and testable hypotheses 
are still being addressed. 

I 
I 

In the worst cases, changes in the measurement endpoints could be necessary. with 
corresponding changes to the risk hypotheses and sampling design. Any new measurement 
endpoints must be evaluated according to their utility for inferring changes in the assessment 

I 
I 
R 
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EXAMPLE 5-1 

Fiend Verification of Sampling Design-Copper Site 

Copper was released from a seep area of a landfd adjacent to a d l  pond; the release 
and resulting elevated copper levels in the pond are of concern. The problem formulation and 
conceptual m&l stated that the asesmem endpoint was the maintenance of a typical pond 
coamrrmity for the area. including the benthic inv- and fish. Toxicity testing was 
selected to evahrate the potential toxicity of copper to aquatic organisms. Three toxicity tests 
were selected: a IO-clay solid-phase sediment toxicity test (with the ampbipud Hydefh  azreca), 
and two water column tcsts (Le., the 7-day p w t b  test with the green algaSehmzmm 
capricomuwn and the fathead minnow, Pimephles promelat, 7-day larval growth test). The 
study design specified that sediment and water for the toxicity tests would be collected at the 
l e a c h  seeps known to be at the pond edge, and at three additional equidistant lodons 
transecting the pond (inchding the point of maximum pond depth). The pond contains water 
year-round; however, the seep flow depends on rainfall. Therefore. it is only necessary to venfy 
that the leachate seep is active at the time of sampling. 

endpoints and their compatibility with the site conceptual model (from Steps 3 and 4). Loss 
of the relationship between measurement endpoints and the assessment endpoints, the risk 
questions or testable hypothesis, and the site conceptual model will result in a failure to meet 
study objectives. 

Despite one*s best efforts to conduct a sound site assessmen& unexpected 
circumstances might still make it nectssary for the sampling plan to be changed in the field. 
Any changes should be agreed to and documented1 by the lead risk assessor in consultation 
with the risk manager. 

Once the finalized WP and SAP are approved and signed, Step 6 should begin. 

5.4 SUMMARY 

In summary. field verification of the sampling plan is very important to ensuring that 
the DQOs of the site investigation can be met. This step vcrifks that the selected assessment 
endpoints. testable hypotheses exposure pathway model, measurement endpoints, and study 
design from Steps 3 and 4 are appropriate and implementable at the site. By verifying the 
field sampling plan prior to conducting the full site investigation, well-considered alterations 
can be made to the study design andor implementation if necessary. These changes will 
ensure that the ecologxal risk assessment meets the study objectives. 
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If changing conditions force chauges to the sampling plan in the fidd (e.g., selection 
of a different reference site), the changes should be agreed to and documented by the lead.. 
risk assessor in consultation with the risk manager. 

For the stream DDT site, the asasment endpoint was protection of p isc ivoro~~~ birds 
from adverse reproductive effects. The canceparal model m c M  the exposure pathway of 
sediment to forage fish to the kingfisher. The measurantnt endpoint 
levels m creek chub (Semotilus atmmc&urr), which could be assocmd - withcornaminant 
levels in sediments. Existing infomation on the stream contamination indicates that a gradient 
of contamination exists and that five specific sampling locations should be sufficient to 
draranerize the gradient to the point where concentrations are unlikely to have adverse effects. 
The study design specifiedthat 10 creek chub of the same size and sex be collected at cach 
loeation. Each chub should be approximately 20 grams, so that minimum sample m a s  
requirements could be met without usmg composite samples for analysis. In addition, QNQC 
pmtoml requires that 10 more f s h  be collected at one of the locations. 

was tissue residue 

In this example, a site assesmmt was necessary to vaify that a sufficient number of 
creek chub of the specified size would be present to meet the sampling requiremenu. Stream 
conditions were evaluated to determine what fish sampling technique would work at the targeted 
locations. A field assessment was conducted and several ftsh collection techniques were used 
to determine which was the most effective for the site. C o l l d  creek chub and other fish 
were examined to determine the size range available and whether the sex of the individuals 
could be detemned. 

The site assessment indicated that the creek chub might not be present in sufiicient 
numbers to provide the necessary biomass for chemical analyses. Based upon those findings. a 
contingency plan was agreed to, which stated that both the cnek chub and the longnosed dace 
(Rhinichthvs caznracrae) would be collected. If the creek chub were coliected at all locations in 
sufficient numbers, then those samples would be analyzed and the dace would be released. If 
sufficient creek chub could not be collected but sufftcient longnosed dace could, the longnosed 
dace would be analyzed and the creek chub released. If neither species could be collected at all 
locations in sufficient numbers, then a mix of the two s p e s  would be used; however, for any 
given sampling location only one species would be used to make the sample. In addition. at 
one location, which preferably had high DDT levels in the sediment, sufficient numbers (20 
grams) of both species would be collected to allow comparison (and calibration) of the 
accumulation between the two species. 
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OVEWWrn 

Information collected during the site investigation is used to characterize 
exposures and ecological effects. The site investigation includes all of the field 
sampling and surveys that are conducted as part of the ecological risk assessment. The 
site investigation and analysis of exposure and effects should be straightforward, 
following the WP and SAP developed in Step 4 and tested in Step 5. 

Exposure characmization relies heavily on data from the site investigation and . .  
can involve fate-and-transport modeling. Much of the information for charanenun g 
potential ecological effects was gathered from the litenrture miem during problem 
foxmulation, but the site investigation might p v i d e  evidence of existing ecological 
impacts and additional exposure-response information. 

6.1 DBJTFRODUCTDON 

The site investigation (Section 6.2) and analysis phase (Section 6.3) of the ecological 
risk assessment should be straightfomrad In Step 4, all issues related to the study design, 
sample collection, DQOs, and procedures for data reduction and interpretation should have 
been identified and resolved. However, as described in Step 5, there are circumstances that 
can arise during a site investigation that could require modifications to the original study 
design. If any unforeseen events do require a change to the WP or SAP, all changes must be 
agreed upon at the SMDP (Section 6.4). The results of Step 6 are used to characterize 
ecological risks in Step 7. 

6.2 SITE INVESTIGATION 

The W P  for the site investigation is based on the site conceptual model and should 
specify the assessment endpoints, risk questions. and testable hypotheses. The SAP for the 
site investigation should specib the relationship between measurement and assessment 
endpoints. the necessary number, volume, and types of samples to be collected, and the 
sampling techniques to be used. The SAP also should specify the data reduction and 
interpretation techniques and the DQOs. The feasibility of the sampling design was tested in 
Step 5. Therefore, the site investigation should be a direct implementation of the previously 
designed study. - 
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During the site investigation, it is important to'adhae to the DQOs and to any 
requirements for co-located sampling. Failure to collect one Sample properly or to coordixke 
samples temporally can significantly affect interpretation of the data. Changing field 
conditions (Section 62.1) and new information on the nature and extent of contamuw on 
(Section 6.2.2) canrequire a change in the SAP. 

. .  

In instances where unexpected conditions arise in the field that make the collection of 
specified samples impractical or not ideal, the ecological risk assessor should reevaluate the 
feasibility of the sampling design as described in Step 5. Field efforts should not necessarily 
be halted, but decisions to c h g e  sampling procedures or design must be agreed to by the 
risk manager a d  lead risk asses so^ or projectdelegated equivalen~. 

Field modifications to study designs are not u n c o m m  during field investigations. 
When the WP and SAP provide a precise conceptual model and study desigmwith specdied 
data analyses, informed modifcations to the SAP can be made to comply with the objectives 
of the study. As indicated in Step 4, contingency plans can be included in the original SAP 
in anticipation of situations that might arise during the site investigation (see Example 6-1). 
Any modifications, and the reasons for the modifications, must be documented in the baseline 
risk assessment. 

- 

At the DDT site where creek chub are to be collected for DDT tissue residue analyses, 
a contingency plan for the site investigation was developed. An alternate species, the longnosed 
dace. was Specified with tbe expectation that. at one or aI1 locations, the creek chub might be 
absent at the time of the site investigation. Such contingency plans are prudent even when the 
verification of the fEld sampiing design described in Step 5 indicates that the samples are 
obtainable. 

6.22 Unexpected Nature or Extent of Contamination 

. .  It is not uncommon for an initial sampiing phase of the RI to reveal that 
contamination at levels of concern extend beyond areas initially established for charactenzln g 
contamination and ecological effects at the site or that contaminant gradients are much steeper 
than anticipated. If this contingency changes the for evaluating biological effects 
along a confamination gradient, the ecological risk assess(~s and risk manager need to 
detennine whether additional sampling (e.g.. further downsaam ftom the site) is needed. 
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Thys, it is h p r t a n t  for the ccologkal risk assessors to track information on the nature and 
extent of contamination as RI sampling is conducted. 

On occasion, new contamimnts are identified during an RL In this case, the risk 
assessors and site manager will need to retarn to Step 1 to screen the new contaminants for 
ecological risk. 

hmedhte analysis of the data for each type of samplrng and communication between 
the risk assesas and riskmanages can help e~lspre that tbe site investigation is adequate to 
achieve the study goals and objectives when field raodificatians are necessary. If a change to 
the WP or S A P  is needed, the lead risk assessor and risk manager must agree on all changes 
(the SMDP in Section 6.4). 

6.3 ANALYSIS OF ECOLOGICALEXPOSURES AND EFFECTS 

The analysis phase of the ecological risk assesmmt consists of the technical 
evaluation of data on existing and potential exposures (Section 63.1) and ecological effects 
(Section 6.3.2) at the site. Tbe analysis is based on the infomation collected during Steps 1 
-through 5 and1 often includes additional assumptions or models to inmpret the data in the 
context of the site conceptual model. As illustrated in Exhibit 6-1, analysis of exposure and 
effects is performed interactively, with the analysis of one informing the analysis of the other. 
This step follows the data interpretation and analysis methods specified in the WP and SAP, 
and therefore should be a straightfornard process. 

In the analysis phase, the site-specific data obtained during the site investigation 
replace many of the assumptions that were made for the screening-level analysis in Steps 1 
and 2. For the exposure and ecological effects charactenzatl 'ons, the uncertainties associated 
with the field measurements and with assumptions where site-specific data are not available 
must be documented. 

Exposure can be expressed as the cD-occurrence or contact of the stressor with the 
ecological components. both in time and space (U.S. P A .  1992a). Thus, both the stressor 
and the ecosystem must be characterized on similar temporal and spatial scales. The result of 
the exposure analysis is an exposure p f d e  that quantifies the magnitude and spatial and 
temporal patterns of exposure as they relate to the assessment endpomts and risk questions 
developed during problem formulation. The exposure profile and a description of associated 
uncertainties and assumptions serve as input to the risk characterization in Step 7. 

Stressor characterization involves determining tbe stressor's distribution and pattern of 
change. The analytic approach for characterizing ecological exposures should have been 
established in the WP and SAP on the basis of the site conceptual model. For cigmical 
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EXHUBIT 6-1 
Analysis Phase (US. EPA, 1992a) 

-1 PROBLEM FORMULATION 

. .  
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at Superfund s k ,  usually a combination of fate-and-aansport modcling and 
sampling datafromthe site are used to predict the CUrrcIt and likely future nature and extent. 
of contamination at a site. 

when characterizing exposures, the 
ecological context of the site estab- 
during problem foxmulation is analyzed 
funher, both to andcrstand potential effects 
of the ecosystem on fate and tanspo~ of 
chemicals in the environment and to 
evaluate site-specific characteristics of 
species or coxnmunities of concern. Any 

replace assumptjons based on information 
from the literature or from other sites is 
incorporated into the description of the 
ecological components of the site. 
Remaining ~ssumpticms and rmcertainties m 
the exposure model (Highlight 6-1) should 
be documented. 

site-specific information that can be used to 

63.2 ChamcPeriziaag Ecological Effects 

At this point, all evidence for existing and potential ad- effects on the assessment 
endpoints is analyzed. "he i n f d c m  from the littlature review on ecological effects is 
integrated with any evidence of existing impacts b a d  on the site mvestiga!ion (e.g., toxicity 
testing). The methods for analyzing site-specific data should have been specifred in the WP 
and SAP, and thus should be straightfoward. Both exposure-response information and 
evidence that site contaminants are causing or can cause adverse effects are evaluated. 

Exposu~i'espon~@ am!y~k. The exposure-response analysis for a Superfund site 
describes the relationship between the magnitude. freqacncy, or duration of a Contaminant 
stressor in an experimental or observational setting and the magnitude of response. In this 
phase of the analysis. measurement endpoints are related to the assessment endpoints using 
the logical structure provided by the conceptual model. Any extrapolations that are required 
to relate measurement to assessment endpoints (e.g., between species, between response 
levels, from laboratory to field) are explained. Finally. an exposure-response relationship is 
described to the extent possible (e.g., by a regression equation), including the confidence 
limits (quantitative or qualitative) associated with the relationship. 

Under some circumstances, site-specific exposure-response information can be 
obtained by evaluating existing ecological impacts along a contamination gradient at the site. 
Statistical techniques to identify or describe the relationship between exposure and response 
from the field data should have been specified in the W P  and SAP. The potentia for 
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confounding S ~ ~ ~ S S O ~ S  that might correlate with the contamination gradient should be 
documented (e.g.* decreasln - g water temperature downstream of a site; reduced soil e m s a  - ' 
further from a site!). 

An exposuPe-response analysis is of particular importance to risk managers who must 
balance human health and ecological concerns against the feasibility and effectiveness of 
remedial options. An exposure-response function can help a risk manager to specify the 
trade-off between the degree of deanup and likely benefits of the cleanup and to balance 
ecological and financial costs and benefits of different remEdial options, as discussed in 
Step 8. 

When exposure-response data are not available or cannot be developed, a threshold for 
adverse effects can be developed instead, as in Step 2. For the baseline risk assessment, 
however, site-specific information should be used instead of conservative assumptions 
whenever possible. 

Ewidence of causality. At Superhd sites. evidence of c 4 t y  is key to the risk 
assessment. Thus, it is important to evaiuate the strength of the causal assochion between 
site-related contaminants and effects on the measurement and assessment endpoints. 
Demonstrating a correlation between a contaminant gradient and ecological impacts at a site 
is a key component of establishing causality, but other evidence cau be used in the absence of 
such a demonstration. Moreover, an exposure-response correlation at a site is not suffkient to 
demonstrate causality, but requires one or more types of supporting evidence and analysis of 
potential confounding factors. Hill's (1965) criteria for evaluating causal associations are 
outlined in the Frumework (US. EPA, 1992a). 

6.4 SClEWTOfl~ANBIGEMEPSP DEClSBOM POINT (SMDP) 

An SMDP during the site investigation and analysis phase is needed only if alterations 
to the WP or SAP become necessary. In the worst case, changes in measurement endpoints 
could be required, with companding changes to the testable hypotheses and sampling 
design. Any new measurement endpoints must be evaluated according to their Utiiity for 
inferring changes in the assessment endpoints and their compatibility with the site conceptual 
model; othemise, the study could fail to meet its objectives. 

Proposed changes to the SAP must be made in consultation with the risk manager and 
the risk assessors. The risk manager must understand what changes have been made and 
why. and must ensure that the risk management decisions can be made from the information 
that the new study design can provide. The risk assessors must be involved to ensure that the 
assessment endpoints and study questions or testable hypotheses are still being addressed 
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The site investigation step of the ecologrcal risk assessment should be a 
straightforward implementation of the study designed in Step 4 and d i e d  in Step 5. In 
instances where unexpected conditions arise m the field that indicate a need to change the 
study design. the ecological risk assessors should reevaluate the feasibility or adequacy of the 
samphg design. Any proposed changes to the WP or S A P  must be agreed upon by both the 
risk asessment team and the risk manager and must be documented in the baseline risk 
-t 

The analysis phase of the ecological risk -t coIlsists of the technical 
evaluation of data on existing and potential exposures and ecological effects and is based on 
the infoxmation collected during Steps 1 through 5 and the site investigation in Step 6. 
Analyses of exposure and effects are performed interactively, and follow the data 
interpretation and analysis xiethods specified in the WP and SAP. Site-specific data obtained 
during Step 6 replace many of the assumptions that werc made for the screening-level 
analysis in Steps 1 and 2. Evidence of an exposure-qxmse relationship be- 
contamination and ecological responses at a site helps to establish causality. The results of 
Step 6 are used to charamme e ecological risks in Step 7. 
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In risk characterhion. data on exposure aud effects are integrated into a 
statement about risk to the assessment endpoinu established duxing problem 
formulation. A wtight-of+videace approach is used to mmpret the implications of 
different studies or tests for the assessment endpoints. In a welldeagned study, risk 
characterization should be straightfarwad, because the procedures were established in 
thewPandsAP. Theriac- *on section of the baseline ecological risk 
assessment should include a qualitative and quantitative presentatian of the risk d t s  
and associated uncertainties. 

I '  .: 

Risk characterization is the final phase of the risk assessment process and includes two 
major components: risk estimation and risk description (US. EPA, 1992a; Exhibit 7-1). Risk 
estimation (Section 7.2) consists of integrating the exposure pmfk with the exposumeffects 
infomation and summaxkhg the associated uncertainties. The risk description (Section 7.3) 
provides information important for interpreting the risk results and, in the Superfund Program, 
identifies a threshold for adverse effects on the assessment endpoints (Section 7.4). 

It is U.S. EPA policy that risk characterization should be consistent with the values of 
"transparency, clarity, consistency, and reasonableness" (US €PA. 19950. "Well-balanced 
risk characterizations present risk conclusions and information regarding the strengths and 
limitations of the assessment for other risk assesson, EPA decision-makers, and the public" 
(U.S. EPA, 19950. Thus, when preparing the risk characterization. the risk assessment team 
should make sure that the documentation of risks is easy to follow and understand, with all 
assumptions, defaults, uncertainties, professional judgments, and any other inputs to the risk 
estimate clearly identified and easy to find. 

7.2 RISK ESTIMATION 

Documentation of the risk estimates should describe how inferences are made from the 
measurement endpoints to the assessment endpoints established in problem formulation. As 
stated earlier, it is not the purpose of this document to provide a detailed guidance on the 
selection and utilization of risk models. The risk assessment team should have developed and 
the risk manager should have agreed upon the conceptual model used to characterize risk, its 
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EXHIBK 7-1 
Risk Characderixatiorn (U.S. EPA, 1992a) 
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assumpaom, uncertainties, and interpxetation in Steps 3 through 5. This agreement is 
spccified in the site WP and S A P  and is the purpose of the SMDPs in Steps 3 through 5. . 

Unless the site investigation during Step 6 discovers unexpected inf'tian, the risk 

interpretation procedures were specified m the WP and SAP. While it might be infomative 

should be seconda~~ to the data interpretations specified in the SAP. Analysis of the data 
beyond the purposes for which it was collected might be informative, but could lead to 
biased, conflicting, or superfluous conclusions. Those outcomes can divert or confound the 
risk characterization process. 

assessment should move smoothly through the risk charammm - 'onphase,becaasethedata 

to investigate a data set for trends, outliers, or other statlstrcal indicators, these investigations . .  

Far ecological risk thaf entail moIc than one type of study (or line of 
evidence), a strength-of-evidence approach is used to mtew different types of data to 
support a conclusion. The data might include toxicity test d t s ,  assessments of existing 
impacts at a site, or risk calculations comparing exposures estimated for the site with toxicity 
values from the literature. Balancing and interpreting the different types of data can be a 
major task and require professional judgment. As indicated above, the strength of evidence 
provided by different types of tests and the precedcnct that me type of study might have over 

-another should already have been established during Step 4. Taking this apploach will ensure- 
that data interpretation is objective d not biased to support a pneconceived answet. 
Additional streneth-of-evidence considemions at this stage include the de- to which DQos 
were met and whether confounding factors became evident during the site investigation and 
analysis phase. 

For some biological tests (e.g., toxicity tests, benthic macroinvcrtebrate studies), all or 
some of the data interpretation process is outlined in existing documents, such as in toxicity 
testing manuals. However, in most cases, the SAP must provide the details 011 how the data 
are to be interpreted for a site. The data interpretation methods also should be presented in 
the risk characterization documentation. For example. if the triad approach was used to 
evaluate contaminated sediments. the risk estimation section should describe how the three 
types of studies (i-e.. toxicity test, benthic invertebrate survey, and sediment chemimy) are 
integrated to draw conclusions about risk. 

Where exposure-response functions are not available or developed, the quotient 
method of comparing an estimated exposure concentration to a threshold for response can be 
used, as in Step 2. Whenever possible, however, presentation of full exposure-response 
functions provides the nsk manager with more information on which to base site decisions. 
This guidance has recommended the use of on-site contamhation m e n s  to demonstrate on- 
site exposure-response functions. Where such data have been collected, they should be 
presented along with the risk estimates. Hazard quotients, hazard indices (for contaminants 
with the same mechanism of toxicity), the results of in situ toxicity testing, or community 
survey data can be mapped along with analytic chemistry data to provide a clear picture of 
the relationship between areas of contamination and effects. - 
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In addition to developing point estimates of exposure concentrations, as for the hazard 
quotient approach, it might be possible to develop a dismbution of exposure levels based 
the potential variability in various exposure parametus (see Section 7.3.2). Probabilities of 
exceeding a threshold for adverse effects might then be estimated. Again, the risk asesment 
team and risk mauager should have already agmd to what analyses will be used to 
Cbaractenze - risks. 

7.3 RISK DESCRIknON 

A key to risk description for Superfimd sites is documentation of environmental 
contambation levels that bound the threshold for adverse effects on the assessment endpoints 
(Section 7.3.1). The risk dtscnption can also provide information to help the risk manager 
judge the likelihood and ecological significance of the estimated risks (Sections 7.3.2 and 
7.3.3, respectively). 

73.1 TtaPeshold for Effects on Assessment Endpoints 

Key outputs of the risk charactenzatl ‘on step are contaminant concentrations in each 
environmental medium that bound the threshold for estimattd adverse ecologrcal effecu given 
the ~ ~ ~ ~ ~ r t a i n t y  inherent in the data and models used. The lower bound of the threshold 
would be based on consistent amsemtive assumptions and NOAEL toxiciy values. The 
upper bound would be based on observed impacts or predictions that ecological impacts could 
occur. This upper bound would be developed using consistent assumptions, site-specific data, 
LOAEL toxicity values, or an impact evaluation. 

The approach to estimating environmental contaminant conaxmations that represent 
thrrsholds for adverse ecological effects should have been specified in the study design (Step 
4). When higher-trophic-level orgauisms are associated with assessment endpoints, the study 
design should have described how monitoring data and coarambnt-transfer models would be 
used to back-calculate an avironmental concentration repmenting a threshold for effect. If 
the site investigation demonstrated a gradient of ecological effects along a contamination 
gmbent, the risk assessment team can identify and document the levels of contamination 
below which no Mer improvements m the assessment endpoints are discunab le or 
expected. If deparmres from the original analysis plan are necessary based on infoxmation 
obtained during the site investigation or data analysis phase, the reasons for change should be 
documented. 

When assessment endpoints include populations of animals that can travel modefate 
distances, different ways of presenting a threshold for adverse effects are possible. Various 
combinations of level of contamhmtion and areal extent of contamhation relarive to the 
foraging range of the animals can result in similar contaminant intake levels by the animaln. 
In that case, a point of deparmre for identifying a threshold for effect would be to identify 
that level of contamination, which if uniformly distributed both at the site and beyond, would 



not p a t h r e a t .  The assumption of uniform contamindon has bccn used to back-calculate 
wamquahty Criteria to protect piscivorous wildlife in the Great Lakes (US. EPA, 1995a). - .  
Again, use of this approach should have been specified in the study design. 

In addition to identifying one or more thresholds for effects, the risk assessment team 
might develop estimates of the probability that exposure levels would exceed the emtoxicity 
thresholds given the distn'bution of values likely for vIviotls exposure parameters (e.g., home 
range size, population density). A distriiutional analysis might be used to estimate tbe range 
of likely exposure levels associ8ted with a given exposure model based on ranges for the 
input vmJlbleS. 

7.3.3 AdditioataU Risk Bnformaaion 

In addition to developing numerical estimates of eeting impacts. risk, and thresholds 
for effect, the risk assessor should put the estimares in context with a description of their 
extent, magnitude, and potential ecological significance. Additional ecological risk 
descriptors are listed below: 

e The location and areal extent of existing contamination above a threshold for 
adverse effects; 

The degree to which the threshold for contamination is exceeded or is likely to 
be exceeded in the future, particularly if exposure-response functions are 
available; and 

0 The expected half-life (qualitative or quantitative) of contaminants in the 
environment (e.g., sediments, food chain) and the potential for natural recovery 
once the sources of contamination are removed. 

To interpret the information in light of remedial options, the risk manager might need to 
solicit input from specific experts. 

At this stage, it is imponant for the risk assessors to consider carefully several 
principles of risk communication, as described in U.S. EPA's (1996a) Proposed Guidelines 
for Ecological Risk Assessmenz. 

7.4 UISCERTAINN ANALYSIS 

There are several sources of uncertainties associated with Superfund ecological risk 
estimates. One is the initial selection of substances of concern based on the sampling data 
and available toxicity information. Other sources of uncertainty include estimates of toxicity 
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to ecological receptors at the site based on limited data fiom the laboratq (usually on other 
species), fiom other ecosystems, or from the site over a limited period of time. Addi t id . .  
unceminties result from the exposure assessment, as a consequence of the uncertainty in 
chemical monitoring data and models used to estimate exposurr concentrations or doses. 
Finally, further uncertainties are included in risk estimates when simultaneous exposures to 
multiple substances occur. 

Uncertainy should be distinguished from variability, which arises from true 
hetemgeneity or variation in characteristics of the environment and receptors. Uncertainty, on 
the other hand, replesents lack of knowledge about certain factors which can sometimes be 
reduced by additional study. 

This section briefly notes several categories of uncertainty (Section 7.4.1) and 
techniques for tracking uncertainty through a risk assessment (Seaion 7.4.2). Additional 
guidance on discussing uncertainty and variability in risk charactenzatl ' 'on is provided in U.S. 
EPA's (1992f) Guidance on Risk Chamcterization for Risk Mmrogetls and Risk Assessors. 

7.4.1 Categpories of Uncertainty 

There are three basic categories of m-es that apply to Superfund site risk 
assessments: (1) conceptual model uncertainties; (2) natural variation and parameter error, and 
(3) model error. Each of these is descriid below. 

There will be uncertainties associated with the conceptual model used as the basis to 
investigate the site. The initial characterization of the ecological problems at a Superfund 
site, likely exposure pathways, chemicals of conam, and exposed ecological components, 
requires professional judgments and assumptions. To the extent possible, the risk assessment 
team should describe what judgments and assumptions were included in the conceptual model 
that formed the basis of the WP and SAP. 

Parameter values (e.g., water concentrations, tissue residue leveis, food ingestion rates) 
usually can be ctiaracterized as a distribution of values, d e d i  by ccnaal tendencies, 
ranges. and percentiles, among other descriptors. when evaluating uncertainty in parameter 
values, it is imporcant to distinguish uncertainty from variability. Ecosystems include highly 
variable abiotic (e.g., weather, soils) and biotic (e.g., population density) components. If all 
instances of a parameter (e.g.. all members of a population) could be sampled, the "true" 
parameter value distribution could be described. In practical terms, howwer, only a fraction 
of the instances (e.g., a few of the members of the population) can be sampled leaving 
uncertainty concerning the true parameter d u e  distribution. The rislk assessor should provide 
either quantitative or qualitative descriptions of uncertainties in prameer value dism'butions. 

Finally, there is uncertainty associated with how well a model (e.g., fate and transport 
model) approximates true relationships between site-specific environmental conditions. 
Models available at present tend to be fairly simple and at best, only pamalIy validated with 
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field tests. As a consequence, it is important to identify key model assumptiom and their 
potential impacts on the risk estimates. . .  

7.45 Tracking Urncertainties 

In general, there are two approaches to tracking uncertainties through a risk 
asesment: (1) using various point estimates of exposure and response to develop one or 
more point estimates of risk; and (2) conducting a distriiutional analysis to predict a 
disuibution of risks based on a distribution of exposure levels d exp~su~!-response 
Wonnation. Whether one or the other or both appa&es are taken should have been agreed 
to during Step 4, and the specific type of anal- to he conducted should have been specifred 
in the SAP. 

7s SUMMARY 

Risk charactenzatl ' 'on integrates the results of the exposure prof& and exposure- 
response analyses, and is the final phase of the risk asesment process. It consists of risk 
estimation and risk description, which together provide infomation to help judge the 
ecological significance of risk estimates in the absence of remedial activities. The risk 
description also identifies a threshold for effects on the assessment endpoint as a range 
between contamination levels identifkd as posing no ecological risk and the lowest 
contamination levels identified as likely to produce adverse ecological effects. To ensure that 
the risk characterization is transparwt, clear, and reasonable, infomation regarding the 
strengths and limitations of tbe assessment must be identified and described. 
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Risk management at a Superfund site is ultimarely the responsibility of the site 
risk manager, who must balance risk reductions asomat& - withcleanupof 
contaminants with potential impacts of the remedial actians ~ l v e s .  The risk 
manager considers inputs from the risk asse!ssors, BTAGs, stakeholders, and other 
involved parties. In Step 7, the risk asesment team identified a threshold for effects 
on the assessment endpoint as a range between -on levels identifxed as 
posing no ecological risk and the lowest contamination levels identified as likely to 
produce adverse ecological effects. Hn Step 8, the risk manager evaluates several 
factors in deciding whether or not to clean up to withinlhat range. 

Risk management is a distinctly different process from risk asesment (NRC, 1983, 
1994; U.S. EPA. 1984a. 19950. The risk assessment establishes whether a risk is present and 
defines a range or magnitude of the risk. In risk managemmt, the results of the risk 
assessment are integrated with other consideations to make and justifv risk management 
decisions. Additional nisk management considerations can include! the implications of existing 
background levels of contamination, available technologies, tradeoffs between human and 
ecological concerns, costs of alternative actions, and remedy selection. For further 
information on management of ecological risks Agency-wide, see U.S. EPA 1994h. Some 
Superfund-specific considerations are described below. 

8.2 ECOLOGICAL RISK MANAGEMEN? IN SUPERFUND 

According to section 30.40 of the NCP, the purpose of the remedy selection process 
is to eliminate, reduce, or control risks to human health and the environment. The NCP 
indicates further that the results of the baseline risk assessment will help to establish 
acceptable exposure ievels for use in developing remedial alternatives during the FS. Based 
on the criteria for selecting the preferred remedy and, using information from the human 
health and ecological risk assessments and the evaluation of remedial options in the FS, the 
risk manager then selects a preferred remedy. 

The risk manager must consider several types of information in addition to the 
baseline ecological risk assessment when evaluating femedjal options (Section 82.1). Of 



particular concern for ecological risk management at Superfund sites is the potential for 
remedial actions themselves to cause adverse ecological impacts (Section 8.2.2). There also 
exists the opportunity to monitor ecological components at the site to gauge the effectiveness 
(or impacts) of the selected remedy (Section 8.23). 

- 
8.2.1 Other Risk Management Considerations 

The baseline ecological risk asssment is not the only set of information that the risk 
mauager must consider when evaluating ~tmedial options during the FS phase of the 
Superfund process. The NCP (40 CFR 300.430(f)( l)(i)) specifies that each remedial 
alternative should be evaluated aEcarding to nine criteria. Two are cansidered threshold 
criteria, aad take precedence over the others: 

(1) Overall protection of human health and the environment; and 

(2) Compliance with applicable or relevant and appr0Pri;ue requirements (ARARS) 
(unless waiver applicable). - 

As described in Section 8.2.2 below, a particularly important consideration for the first 
criterion are the ecological impacts of the remedial options. 

Five of the nine criteria are considered primary balancing criteria to be considered 
after @e threshold criteria: 

(3) Long-term effectiveness and permanence; 

(4) Reduction of toxicity, mobility, or volume of hazardous wastes through the use 
of treatment; 

( 5 )  Short-term effectiveness; 

(6) Implementability; and 

- (7) cost. 

Finally, two additional criteria are referred to as modifying criteria that must be 
considered: 

(8) State acceptance. and 

(9) Community acceptance. 

Effective risk communication is particularly important to help ensure that a remedial option 
that best satisfies the other criteria can be implemented at a site. U.S. =A's (1996a) 
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Proposed Guidelines for Ecologicrrl Risk Assessment provides an overview of this topic and 
identifies some of the relevant literature. . .  

Additional factors that the site risk manager takes into Consideration include existing 1 
l 

background levels (see U.S. P A ,  1994g); current and likely future land uses (see us. P A ,  
199%); current and likely future resou~ce uses in the 
ecological significance of the site. consideration of the ecological impacts of remedial 
opuans and residual risks 8ssod8ted with leaving w-ts in place are very irnpmant 
considerations, as described in the next section. 

and local, regional, and national 

I 
8.22 Ecologid I S n P C b  Of kt?dh! OfliOnS 

Management of ecological risks must take into account the potential for impacts to the 
ecological -t endpoints fram implementation of various mnedial options. The risk 
manager must balance: (1) residual risks posed by site commimm before and after 
implementation of the selected remedy with (2) the potential impacts of the selected remedy 
on the environment independent of contaminant effects. The selection of a remedial 
alternative could require tradeoffs between long-term and short-term risk. 

I 

1 
11 

The ecological risks posed by the "no action" alternative are the risk estimated by the 
baseline ecological risk -t. In addition, each remedial aption is likely to have its 
own ecological impact. This impact could be anything from a short-term loss to complete 
and permanent loss of the present habitat and ecological cornmunitits, In instances where 
substantial ecological impacts will result from the remedy (e.g., dredging a wetland), the risk 
manager will need to consider ways to mitigate the impacts of the remedy and compare the 
mitigated impacts to the threats posed by the site contamination. 

1 
I 

During the FS, the boundaries of potenrial risk under the no-action alternative (i.e., 
baseline conditions) can be compared with the evaluation of potential impacts of the remedial 
options to help justiv the prefemd remedy. As indicated above, the preferred remedy should 
minimize the risk of long-term impacts that could result from the remedy and any residual 
contamination. When the selected remedial option leaves some site cantaminants p r e d  to 
pose an ecological r i d  in place, the justification for the selected m m c ~ y  must be clearly 
documented. 

E 
I 

11 I 

In short. consideration of the environmental effects of tbe remedy itself might result in 
a decision to allow contaminants to remain on site at levels higher than the threshold for 
effects on the assessment endpoint. Thus, selection of the most appropriate ecologically 
based remedy can result in residual contamination that presents some risk. 1 

1 8.23 Monitoring 

Ecological risk assessment is a relatively new field with limited data available to 
validate its predictions. At sites where remedial actions are taken to reduce ecological I 
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impacts and risks, the results of the remediation efforts should be compared with the 
predmions made during the ecological risk assessment. 

. . 

While it often is difficult to demonstrate the effectiveness of remedial actions in 
reducing human health risks, it often is possible to demonstrate the effectiveness of 
remediations to reduce ecological risks, particularly if a several-year monitoring program is 
established. 'Fht site conceptual model provides the conceptual basis for monitoring options, 
and the site mvestigatiOn should have indicated which options might be most practical for the 
site. Monitoring ais0 is important to assess the effectiveness of a no-action alternative. For 
example, monitoring sediment contamination and benthic communities at intends following 
removal of a contaminant some allows one to test predictions of the potential for the 
ecosystem to recover naturally over time. 

8.3 SCIEPmFIWMAMAGEMEPTP DECISION POINT (SMDP) 

The risk management decision is finalized in the Record of Decision (ROD). The 
decision should minimize the risk of long-term impacts that could d t  from the remedy and 
any residual contamination. When the selected remedy leaves residual contamination at levels - 
higher than the upper-bound estimate of the threshold for adverse effects on the assessment 
endpoint, the risk manager should justify the decision (e.g., describe how a more complete 
physical remedy could jeopardizt an ecological community more than the residual 
contamination). 

8.4 SUMMARY 

Risk-management decisions are the responsibility of the risk manager (the site 
manager), not the risk asses so^. The risk manager should have been involved in planning the 
risk assessment; knowing the options available for reducing risks, the risk manager can help 
to frame questions during the problem-foImulation phase of the risk assessmwt 

The risk manager must understand the risk assessment, including its uncertainties, 
assumptions, and level of resolution. With an understanding of potential adverse effects 
posed by residual levels of site contaminants and posed by the rcmedial actions themselves, 
the risk manager can ba3ance the ecological costs and benefits of the available remedial 
options. Understanding the uncertainties associated with the risk assessment also is critical to 
evaluating the overaIl protectiveness of any remedy. 
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This combined re fmce  list and bibliography is intended to provide a h a d ,  but not 
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documents, standard guides for toxicity testing, other EPA program office references with 
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GLOSSARY 

This glossary includes definitions from several soufces. A superscript number next to a 
word identifies the reference from which the definition was adapted (listed at the end of the 
Glossary). 

Abiotic.’ Characterized by absence of life; abiotic materials include nm-living environmental 
media (e.g., water, soils, sediments); abiotic characteristics include such factors as light, 
temperature, pH, humidity, and other physical and chemical influences. 

Absorption Effidemcy. A lneasure of the proportion of a substance that a IiVing organiSm 
absorbs across exchange boundaries (e.g., gastrointestinal tract). 

Ab=* Dose2 The amount of a substance penetrating the exchange boundaries of an 
organism after contact. Absorbed dose for the inhalation and ingestion routes of exposure is 
calculated from the intake and the absorption efficiency. Absorbed dose for dermal contact 
depends on the surface area exposed and absorption efficiency. 

Accuracy! The degree to which a measurement reflects the true value of a variable. 

Acute5 Having a sudden onset or lasting a short time. An acute stimulus is Severe enough 
to induce a response rapidly. The word acute can be used to define either the exposure or the 
response to an exposure (effect). The duration of an acute aquatic toxicity test is generally 4 
days or less and mortality is the response usually measured. 

Acute Response. The response of (effect on) an organisms which has a rapid onset. A 
commonly measured rapid-onset response in toxicity tests is m d i t y .  

Acute Tests. A toxicity test of short duration, typically 4 days or less (Le., of short duration 
relative to the lifespan of the test organism). 

Administered h s e 2  The mass of a substance given to an organism and in contact with an 
exchange boundary (i.e., gastrointestinal uact) per unit wet  body weight (BW) per unit time 
(e.g.. mgkgBW/day). 

AdsO~ptiQR.’~ Surface retention of molecules, atoms, or ions by a solid or liquid, as opposed 
to absorption, which is penetration of substances into the bulk of a solid or liquid. 

Area Use Factor. The ratio of an organism’s home range, breeding range, or 
feeding/foraging range to the area of contamination of the site under investigation. 

- 
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. .  Assessnnent Eadpint.6 An explicit expression of the environmental value that is to be 
Pro-. 

c C Q - ~ Q ?  The commuuity of organisms dwelling at the bottom of a pond, river, 
lake,orocean. - 

Bioaccmdaticarn? General tern describing a process by which chemicals are taken up by an 
organism either directly from exposure to a contaminated medium or by consumption of food 
containing the chemical. 

B ~ O C C U ~ U W ~ Q U  Factor 0 . 3  The ratio of the concentration of a contaminant in an 
orgauism to the concentration m the ambient environment at steady state, the organism 
can take in the contaminant through ingestion with its food as well as through direct co~ltact. 

Bioassay? Test used to evaluate the relative potency of a chemical by comparing its effect 
on living organisms with the effect of a standard preparation on the same type of organism. 
Bioassay and toxicity tests are not the same-see toxicity test. Bioassays often run on a 
series of dilutions of whole effiuents. 

Bioassessment. A general tenn referring to environmental evaluations involving living 
organisms; can include bioassays, community analyses, etc. 

BioavailabiIity.4 The degree to which a material in environmental media can be assimiiated 
by an organism. 

BioccPracentrabion5 A process by which there is a net accumulation of a chemical directly 
from an exposure medium into an organism. 

Bi~degrade.~’ Decompose into more elementary compounds by the action of living 
organisms, usually referring to microorganisms such as bacteria. 

Biomagnification? Result of the process of bioaccumulation and biotransfer by which tissue 
concentrations of chemicals in organisms at one trophic level exceed tissue concentrations in 
organisms at the next lower trophic level in a food chain. 

Biornarker2’ Biochemical. physiological, and histological changes in organisms that can be 
used IO estimate either exposure to chemicais or the effects of exposure to chemicals. 

Biornonitoring5 Use of living organisms as n~nsorsll in environmental quality surveillance 
to detect changes in environmental conditions that might threaten living organisms in the 
environment. 

Body Burden. The concentration or total amount of a substance in a living organism; 
implies accumulation of a substance above background levels in exposed organisms. 
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Breeding w e .  The are8 utilized by SI organism during the reproductive phase of its life 
cycle and during the time that young are reared. .. 

Buk Sediment.* Field collected sediments used to conduct toxicity tests; can contain 
multiple ccmtamhnts and/or unknown concentrations of contaminants. 

Clmracterhaticpn ob Ecological Effects6 A portion of the analysis phase of ecological risk 
assesmmt that evaluates the ability of a stressor to cause adverse effects under a particular 
set of circumstances. 

C-CkIiZathID Of -6 A @a Of the d y S i S  phase Of ecOl~giCal& 
assessment that evaluates the intcraction of the stressor with one or more ecological 
components. Exposure c8n be express& as co-oocunence, or coutact depending on the 
stressor and ecological component involvtd. 

Chdcais of Potentid Conneeria? Chemicals that are potentiauy site-related and whose data 
are of sufEcient quality for use in a quantitative risk asesment. 

~hronic.' hvolving a stimulus that is lingering or continues for a long time; often signifies 

Can be used to &fme either the exposure or the response to an exposure (effect). Chronic 
exposures typically induce a biological response of relatively slow progress and long duration. I 
Chronic Response. The response of (or effect on) an organism to a chemical that is not 
immediately or directly lethal to the organism. 

Chronic Tests9 A toxicity test used to study the effects of continuous. long-term exposure 
of a chemical or other potentially toxic material on an organism. 

Community.6 An assemblage of populations of different species within a specified location 
and time. 

I 

I 
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Comple~ation.'~ Formation of a p u p  of compounds in which a part of the molecular 
bonding between compounds is of the coordinate type. 

Concentration. The relative amount of a substance in an environmental medium, expressed 
by relative mass (e.g., mgkg), volume (ml/L). or number of units (e.g., parts per million). 

Concentration-Respumse Cune? A curve describing the relationship between exposure 
concentration and percent of the test population respondmg. 

Conceptual ModeI.6 Describes a series of working hypotheses of how the stressor might 
affect ecological components. Describes ecosystem or ecosystem components potentially at 

- 



risk, and the relationships between measurement and assessment endpoints and exposure 
scenarios. 

Coniarnhmt of (&dogkd) c~acew. A substance detected at a hazardous waste site that 
has the potential tQ affect ecological receptors adversely due to its concentration, distribution, 
and mode of toxicity. 

C O X I ~ ~ ?  A trtatment in a toxicity test that duplicates aIl the conditions of the exposure 
treatments but contains no test material. The control is used to determine the response rate 
expected in the test organisms in the absence of the test material. 

CoordhWe 
electrons fonns the bond and the pair of electrons has been supplied by one of the two atoms. 
Ais0 known as a coordinate valence. 

A chemical bond between two atoms in which a shared pair of 

CQ&~~OIL~* An estimate of the degree to which two sets of variables vary together. with 
no distinction between dependent and independent variables. 

Critical Expsure Pathway. An exposure pathway which either provides the highest 
exposure levels or is the primary pathway of exposure to an identified receptor of concern. 

Degradation.14 Conversion of an organic compound to one containing a d e r  number of 
carbon atoms. 

Depositi~n.'~ The lying, placing, or throwing down of any material. 

Depuration5 A process that results in elimination of toxic substauces from an organism. 

Depuration Rate. The rate at which a substance is depurated from an organism. 

Dietary A C C U I I U ~ ~ ~ Q I I ~  The net accumulation of a substance by an organism as a result of 
ingestion in the diet. 

Direct Effect (t0xin).6 An effect where the stressor itself acts directly on the ecological 
component of intenst, not through other components of the ecosystem. 

ID-.* ' A measure of exposure. Examples include ( I )  the amount of a chemical ingested, 
(2) the amount of a chemical absorbed, and (3) the product of ambient exposure concentration 
and the duration of exposure. 

Dcse-Responw Curve? Similar to concentration-response c u ~ e  except that the dose (i.e. the 
quantity) of the chemical administered to the organism is known. The curve is plotted as 
Dose versus Response. 
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DPpli~ate.~ A sample talcen from and qrcscntative of the same population as another 
sample. Both samples are carried through the steps of sampling, storage. and analysis in an 
identical manner. 

ECQh3gid compam?nt6 Any part of an ecosystem, including individuals, papulations, 
communities, and the ecosystem itself. 

-d w 
ecological effects may occur or are OcCurriDg as a result of exposme to one or more stressors. 

 he process that evaluates the &mood that actverse 

EcospstemL6 The biotic mmmmity and abiotic enviranment within a specified location and 
time, including the chemical, physical, and biological relationships among the biotic and 
abiotic components. 

~~0tox ia t .y .~ ’   he study of toxic effects on nontmman organisms, populations, or 
communities. 

m t e d  or ~ ~ ~ v i r o m m m ~  ~~ncentration.S  he concentration of a material 
estimated as being likely to occur m environmental media to which organisms are exposed. 

Exposu~6  Co-occunence of or contact between a stressor and an ecological component. 
The contact reaction between a chemical and a biological system, or organism. 

Assessment2 a he &termination or estimation (qualitative or quantitative) of the 
magnitude, frequency, duraton, and route of exposure. 

Exposure Pathway? The course a chemical or physical agent takes from a source to an 
exposed organism. Each exposure pathway incudes a source or release from a source, an 
exposure point, and an exposure route. If the exposure point differs from the source. 
transportlexposure media (i.e.* air- water) also are included. 

Exposure Pathway Model. A model in which potential pathways of exposure are identified 
for the selected receptor species. 

Exposure Point.2 A location of potential contact between an organism and a chemical or 
physical agent. 

Exposure Point Concentmath. The concentration of a contaminant occuning at an 
exposure point. 

Exposure Profile6 The product of characterizing exposure in the analysis phase of 
ecological risk assessment. The exposure profde summarizes the magnitude and spatial and 
temporal patterns of exposure for the scenarios described in the conceptual model. 

- 
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Exposme Route? The way a chemical or physical agent comes in contact with an organism 
(Le., by ingestion, inhalation, or dermal contact). 

.. 

Expaawe S d o 6  A set of assumptions concerning how an exposum takes place, 
including asmnptions about the exposure setting, stressor characteristics, and activities of an 
orgalism that can lead to exposure. 

False Negative. The conclusion that an event (e.g., response to a chemical) is negative when 
it is in fact positive (see Appendix D). 

False Pasitbe. The conclusion that an event is positive when it is in fact negative (see 
Appendix D). 

Fate? Disposition of a material in various environmental comparanents (e.g. soil or 
sediment, water, air, biota) as a result of panspo~t, transformation, and degradation. 

Food-Chain Transfer. A process by which substances in the tissues of lower-trophic-level 
organisms are transferred to the higher-trophic-level organisms that feed on them. 

Fopage (feeding) Area. The area utilitea by an organism for hunting or gathexing food. 

&bitat.' Place where a plant or anirnal lives, often charactenzed . by a dominant plant form 
and physical characteristics. 

Hazard. The likelihoad that a substawe will cause an injury or adverse effect under 
specified conditions. 

~azard 1den~cation.2 s he proas of determining whether exposure to a stressor can 
cause an increase in tht incidence of a particular adverse effect, and whether an adverse 
effect is likely to occur. 

Hamd hdex? The sum of more tbspn one hazard quotient for multiple substances and/or 
multiple exposure pathways. The HI is calculated separately for chronic, subchronic, and 
shoxter-duration exposures. 

pllaunrpl Quotient? The ratio of an exposure level to a substance to a toxicity value selected 
for the risk assessment for that substance (e.g., LOAEL or NOAEL). 

Home Range.** The area to which an animal confines its activities. 

Hydrophilic.22 Denoting the property of attradn g or asso&ing with water molecules; 
characteristic of polar or charged molecules. 
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~ ~ p ~ o ~ i c 1 2  with regard to a mo-e or si& group, tendrng to dissolve readiiy in 
organic solvents, but not in water, resisting wetting, not containing polar groups or sub- 
&roups- 

- 

~ p y p o t h e s i s . ~ ~  A proposition set forth as an explanation for a specified phenomenon or group 
of phenomena 

~mdirect mect.6 ~n effect where the stressor acts on supporting compoIlcllts of the 
ecosystem, which in hun have an effect on the ecological component of interest. 

Ingestion Rate. The rate at which an organism consumes food, water, or other materials 
(e.g., soil, sediment). hgesticm rate usually is expressed in terns of unit of mass or volume 
per unit of time (e.&, @/day, Uday). 

IorniZa&id4 The process by which a neutral atom loses or gains electrons, thereby acquiring 
a net charge and becoming an ion. 

Lipid.I3 One of a variety of organic substances that are insoluble in polar solvents, such as 
water, but that dissolve readily in non-polar organic solvents. Includes fats. oils, waxes, 
steroids, phospholipids, anti carotenes. 

Lowesd-Observable-Advem+Effect Lev4 (LOAEL). The lowest level of a stressor 
evaluated in a toxicity test or biological field survey that has a statistically significant adverse 
effect on the exposed organisms compared with unexposed organisms in a control OT 

reference site. 

Matrix.’4 The substance in which an analyte is embedded or contained; the properties of a 
mauix depend on its constituents and form. 

Measurement Endpoint6 A measurable ecological characteristic that is related to the valued 
characteristic chosen as the assessment endpoint, Measurement endpoints oftea are e x p r e d  
as the statistical or arithmetic summaries of the observations that make up the measurement. 
As used in this guidance document, measurement endpoints can include measures of effect 
and measures of exposure, which is a depamue from US. EPA’s (1992a) definition which 
includes only measures of effect. 

Media.’5 Specific environmental compartments-air. water, soil-which are the subject of 
regulatory concern and activities. 

Median EIFective Concentration (ECm)5 The concentration of a substance to which test 
organisms are exposed that is estimated to be effective in producing some sublethal response 
in 50 percent of the test population. The EC,, usually is expressed as a time-dependent value 
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(e.g., 24-hour Eqo). The sublethal response elicited from the test organisms as a result of 
exposure must be clearly defined. 

.. 

~ p d i r n n   et^ Cumcentration &CSO>? A statistically or graphically estimated 
concentration that is expected to be lethal to 50 percent of a group of organisms under 
specified conditions. 

Metric'6 Relating to measurement; a type of measurement-for example a measurement of 
one of various componeats of community structure (e-g., species richness, % similarity). 

M~rtality. Death rate or proportion of deaths in a population. 

No-Observed-AdvemEfkt Level (NOAEL].' The highest level of a stressor evaluated in 
a toxicity test or biological field survey that causes no statistically significant difference in 
effect compared with the contro~s or a rcfmce site. 

Nonparametric." Statistical methods that make no assumptions regarding the distribution of 
the data 

Farameter.18 Constams applied to a model that are obtained by theoretical calcuiazion or 
measurements taka at another time andor place, and are assumed to be appropriate for the 
place and time being studied. 

~arametr ic . '~  statistical methods u~ed when the distribution of the data is known. 

P~ppllabi~m." An aggregate of individuals of a species within a specified location in space 
and time. 

Power." The power of a statistical test indicates the probability of rejecting the null 
hypothesis when it should be rejected (i.e., the null hypot&esis is false). Can be considered 
the sensitivity of a statistical test. (See also Appendix D.) 

Peecipihti~n.'~ In analytic chemistry, the process of producing a separable solid phase 
within a liquid medium. 

h-ecisi~n.'~ A measure of the c~oseness of agroemtnt among individual measurements. 

Reference Site.' 
in environmental monitoring studies, often incorrectly referred to as a control. 

A relatively uncontaminated site used for comparison to contaminated sites 

Regression ~ n a l y s i s . ' ~  ~nalysis of the f~nctiona~ relationship bttween two variables; tbe 
independent variable is described on the X axis and the dependent variable is &scribed on the 
Y axis (i.e. the change in Y is a function of a change in X). 
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Replicate. Duplicate analysis of an individual sample. Replicate analyses ate uscd for 
quality control. . .  

Representative Samples.'* Sewing as a typical or ch-c sample; should provide 
analytical results that comespond with actual environmental quality or the condition 
experienced by the contaminant receptor. 

Risks The expected frequency or probability of undesirabe effects resulting from exposure 
to known or expected stressors. 

f i k  ~imracterizati05.6 A phase of ecological risk assessment that integrates the resu~ts of 
the expome and ecological effects analyses to evaluate the likelihood of adverse ecological 
effects associated with exposure to the stressor. The ecological si@icance of the adverse 
effects is discussed, including considwation of the types and magnitudes of the effects, their 
spatial and temporal partwns, and the likelihood of recovery. 

p am pie.'^ -on of a material tested or analyztd; a selection or collection from a larger 
collection. 

SaentildMkmagemmt Dedsian Point (SMDP). A point during the risk assessment process 
when the risk assessor communicates results of the assessment at that stage to a risk manager. 
At this point the risk manager determines whether the information is sufficient to arrive at a 
decision regardxng risk management strategies and/or the need for additional information to 
characterize risk. 

Sedimemt.Zo particulate materid lying below water. 

Sensitivity. In relation to toxic substances, organisms that are more sensitive exhibit adverse 
(toxic) effects at lower exposure levels than organisms that are less sensitive. 

Sensitive Life Stage. The life stage (i.e., juvenile, adult, etc.) that exhibits the highest degree 
of sensitivity (i.e., effects are evident at a lower exposure concentration) to a contaminant in 
toxicity tests. 

Species.'3 A group of organisms that actually or potentially interbreed and are reproductively 
isolated from all other such groups: a taxonomic grouping of morphologically similar 
individuals; the category below genus. 

StatiSdi~.'~ A computed or estimated statistical quantity such as the mean, the standard 
deviation, or the correlation coefficient. 

Stressor6 Any physical. chemical, or biological entity that can induce an adverse response. 



SubPehl? Below the Concentration that directly causes death. Exposure to sublethal 
concentrations of a substance can produce less obvious effects on behavior, biochemical 
and/or physiologd functions, and the structure of cells and tissues in organisms. 

* 

"hsibolld Concentration? A concentration above which some effect (or response) will be 
productd and below which it will not. 

Toxic M- of A&a~m.~ The mechanism by which chemicals produce their toxic 
effects, Le., the mechanism by which a chemical alters normal cellular biochemistry and 
physiology. Mechanisms can include; interfenncc with normal receptor-ligand interactions, 
interference with membraneP. fbdons, interference with cellular energy production, and 
binding to biomolecules. 

Toxiaty Assessmat. Review of literature. results in toxicity tests, and data from field 
surveys regarding the toxicity of any given material to an appropriate receptor. 

Toxicity Test' The means by which the toxicity of a chemical or other test matefial is 
determined. A toxicity test is used to measure the degree of response produced by exposure 
to a specific level of stimulus (or concentration of chemical) compared with an unexposed 
control. 

Toxicity Value? A numerical expression of a substance's exposure-response relationship that 
is used in risk assessments. 

Toxicant. A poisonous substance. 

Tmphic Leve1.6 A functional classification of taxa within a community that is based on 
feeding relationships (e.g.. aquatic and terrestrial plants make up the first trophic level, and 
herbivores make up the second). 

Type I Eraor.'' Rejection of a true null hypothesis (see also Appendix D). 

Type II Error." Acceptance of a false null hypothesis (see also Appendix D). 

Uptake5 A process by which mattrials are transferred into or onto an organism. 

Uncertainty." Imperfect how~exige concerning the present or future state of the system 
under consideration; a componat of risk resulting from impexfect knowledge of the degree of 
hazard or of its spatial and temporal disaibution. 

Volatiiizati~n.~~ The conversion of a chemical substance fiom a liquid or solid state to a 
gaseous vapor state. 
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Xenobiotic6 A chemical or other stressor that does not occur Oawauy in the environment. 
Xenobiotics occur as a result of anthropogenic activities such as the application of pesticides. 
and the discharge of industrial chemicals to air, land, or water. 
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Appendix A provides examples of Steps 1 through 5 of the ecological risk assessment 
process for three hypothetical sites: 

(3) 

A former municipal landfU from which copper is leaching into a large pond 
d m - m a t  Of the site (the si=); 

A f o m r  chemical production faciliy that spilled DDT, which has been 
trazlsported into a nearby sfztam by surface water nmoff (the DDT site); and 

Aformerwaste-oil~c~gfaciiitythatdispo~iofPCBsinalagoonfmm 
which extenshe soil contamination has resulted (the PCB site). 

These examples are intended to iIlustrate key points in Steps 1 through 5 of the ecological 
risk assessment process. No actual site is the basis for the txamples. 

The examples stop with Step 5 because the remaining steps (6 through 8) of the 
ecological risk assessment process and the risk management decisions depend on site-specific 
data collected during a site investigation. We have not attempted to develop hypothetical data 
for analysis or the full range of information that a site risk manager would consider when 
evaluating remedial options. 
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She histony. This is a former municipal landfill located in an upland area of the 
mid-Atlantic plain. Residential, ccmmerd ' , and industrial refuse was disposes of at this site 
in the 1960s and 1930s. Large amounts of copper wire also were disposed at this site over 
several years. Currentty, minimal cover has been placed ovef the fill and planted with 
grasses. Ternstrial ecosystems in the vicinity of the landfirl include upland forest and 
successional fields. Nearby land uses include agriculture and residential and wxxnercial uses. 
The landfii cover has deteriorated in several locations. L e a c h  seeps have been noted m 
the slope of the landfill, and several seeps discharge to a five-acre pond down-gradient of the 
site. 

She visk A prehhuy site Visit was conducted and the ecological checklist was 
completed. The checkiist indicated that the pond has an organic Subsaate; emergent 
vegetation, including cattail and rushes,  occur^ along the shore near the leachate seeps; and 
the pond reaches a depth of five feet toward the middle. Fathead minnows, carp, and several 
species of sunfish were observed, and the benthic macroinvertebrate community appeared to 
be diverse. The pond water was clear, indicating an absence of phytoplankton, The pond 
appears to function as a valuable habitat for f s h  and other wildlife using this area 
hliminary sampling indicated elevated copper levels in the seep as well as elevated base 
cations, total organic carbon (TOC), and depressed pH levels @H 5.7). 

Problem fornulation. Copper is leaching from the landfii into the pond from a 
seep area. EPA's ambient water quality criteria document for copper (US. €PA, 1985) 
inhcates that it can cause toxic effects in aquatic plants, aquatic invertebrates, and young fish 
at relatively low water concentrations. Thus, the seep might threaten the ability of the pond 
to support macroinvertebrate and fish communities and the wildlife tbat feed on them. 
Terresmal ecosystems do not need to be evaluated because the overland flow of the seeps is 
limited to short gullies, a few inches wide. Thus, the area of concern has been identified as 
the five-acre pond and the associated leachate seeps. Copper in surface water and sediments 
of the pond might be of ecological concern. 

Ecological effects evaluation. Copper is toxic to both aquatic plants and aquatic 
animals. Therefore, aquatic toxicity-based data will be used to screen for ecological risk in 
the preliminary risk calculation. The screening ecotoxicity value selected for warer-column 
exposure is the US. EPA chronic ambient water quality criterion (12 pg/L at a water hardness 
of 100 mglL as CaCO,). A screening ecotoxicity value for copper in sediments was 
identified as 34 mgkg (U.S. EPA, 1996). 

I 
I 
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STEP 2: SCREENINGLEVEL EXPOSURE ES’hOMATE AND RISK CALCULATION 

E X ~ Q S U ~ ~  estimate. Fkhmimy sampling data indicate that the leachate contains 
53 pg/L copper as well as elevated base cations, elevated TOC, and depressed pH (pH 5.7). 
Sediment concentrations range from 3 0  m@g to below detection (2 mg/kg), decreasing with 
distance from the leachate seeps. 

Risk calculation. The copper concentration in the seep water (53 clgh) exceeds the 
chronic water quality criterion for coppex (12 pg/L). The maximum sediment copper 
conammtion of 3 0  mg/kg exceeds the screening ecotoxicity value for copper in sediments 
(34 mgkg). Therefore, the screening-level hiuard quotients for both Sediment and water 
exceed one. The decision at the ScientificManagement Decision h i n t  (SMDP) is to continue 
the ecological risk assessment 

Similar screening for the levels of base cations genkrated hazard quotients below one 
in the seep water.- Although TOC and pH are not regulated under CERUA,, the possibility 
that those parameters might af€ect the biota of the pond should be kept in mind if surveys of 
the pond biota are conducted. Sediment concentrarjons of chemicals other than copper 
generated hazard quotients (HQs) of less than one at the maximum concentrations found 

STEP 3: BASELINE RISK ASSESSMENT PROBLEM FORARUMnON 

Based on the screening-level risk assessment, copper is known to be the only 
contaminant of ecological concern at the site. 

kotoxicity kmtprre r@VieW. A review of the literature on the ecotoxicity of 
copper to aquatic biota was conducted and revealed several types of information. Young 
aquatic organisms are more sensitive to copper than adults (Demayo et al., 1982; Kaplan and 
Yoh. 1961; Hubschman, 1965). Fish larvae usually are more sensitive than embryos (McKim 
et al., 1978; Weis and Weis, 1991), and f sh  become less sensitive to copper as body weight 
increases (Demayo et al., 1982). Although the exact mechanism of toxicity to fish is 
unknown, a loss of osmotic control has been noted in some studies (Demayo et al. 1982; 
Cheng and Sullivan, 1977). 

Flowthrough toxicity studies in which copper concentrations were measured revealed 
LCs0 values ranging from 75 to 790 pg/L for fathead minnows and 63 to 800 pg/L for 
common carp (U.S. EPA, 1985). Coldwater fish species, such as rainbow trout, can be more 
sensitive. and species like pumpkinseeds (a d i s h )  and bluegills are less sensitive (US 
EPA, 1985). Although f s h  fiy usually are the most sensitive We stage, this is not always the 
case; Pickering et al. (1977) determined an LC,, of 460 pg/L to 6-month-old juveniles and an 
LCs0 of 490 pg/L to 6-week-old fry for fathead minnows. A coppa concenMon in water 
of 37 pgA has been shown to cause a significant reduction in fish egg production (Piekering 
et ai.. 1977). 
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Elevated levels of copper in sediments have been associated with changes in benthic 
community structure, notably reduced numbers of species (Winner et al., 1975; Kraft and . 
Sypniewski, 1981). Studies also have been conducted with adult HyaleZZa azzeca (an 
amphipod) exposed to copper m sediments. One of these studies indicated an LCso of 1,078 
mgkg in the sediment (Cairns et al., 1984); however, a no-observed-adverseeffect level 
(NOAEL) for copper in sediments was not idenrified for an early life stage of a benthic 
invertebrate. 

A literatuxz revkw of the ecotoxicity of copper to aquatic plants, both algae and 
vascular plants, did not reveal information on the toxic mtcbaptsm by which copper affects 
plants. The review did indicate that exposure of plants to high capper levels inhibits 
photosynthesis and growth (U.S. EPA, 1985), and celI Separation after cell division (Hatch, 
1978). Several studies conducted using Selenosrnan copriconua~l indicated that 
concentrations at 300 pg/L kiII algae after 7 days, and a value of 90 pgA causes complete 
growth inhibition after 7 days (Bartlett et al., 1974). 

The literature indicates that copper does not biomagnify in food chains and does not 
bioLcumulate in most animals because it is a biologically regulated essential element. 
Accumulation in phytoplankton and filter-feeding mollusks, however, does occur. The 
toxicity of copper in water is influenced by water hardness, alkalinity, and pH (US. EPA, 
1985). 

- 
d 

Exposure pathlrv;mgrs. A flow diagram was developed to depict the environmental 
pathways that could result in impacts of copper to the pond’s biota (see Exhibit A-1). Direct 
exposure to copper in the pond water and sediments could cause acute or chronic toxicity in 
early life stages of fish and/or benthic invertebrates, and in aquatic plants. Risks to filter- 
feeding mollusks and phytoplankton as well as animals that feed on them are not considered 
because the mollusks and phytoplankton are unlikely to occur in signirrcant quantities in the 
pond. The exposure pathways that will be evaluated, therefore, are direct contact with 
contaminated sediments and water. 

Assessment endpoints and conceptual model. Based on the screening-level 
risk assessment, the ecotoxicity literature review. and the complete exposure pathways, 
development of a conceptual model for the site is initiated. Copper can be acutely or 
chronically toxic to organisms in an aquatic community through direct exposure of the 
organisms to copper in the water and sediments. Threats of copper to higher trophic level 
organisms are unlikely to exceed threats to organisms at the base of the food chain, because 
copper is an essential nutrient which is effectively regulated by most organisms if the 
exposure is below toxic levels. Fish fry in particular can be very sensitive to copper in water. 

Based on these receptors and the potential for both acute and chronic toxicity. an 
appropriate general assessment endpoint for the ecosystem would be the maintenance of the 
community composition of the pond. A more operational definition of the assessment 
endpoint would be the maintenance of pond community structure typical for thelocality and 
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for the physical attributes of the pond, with no loss of species or community alteration due to 
copper ltoxicity. 

.. 

Risk questions. One question is whether the concentrations of copper present in the 
sediments and water over at least part of the pond are toxic to aquatic plants or animals. A 
further question is what concentration of copper in sediments represents a threshold for 
adverse effects. That level could be used as a prelummy cleanup goal. 

Te answer the hypothesis identified in Step 3, three lines of evidence were considered 
when selecting measurement endpoints: (1) whether the ambient copper levels are higher 
than levels known to be directly toxic to aquatic organisms lilcely or known to be present in 
the pond; (2) whether water and sediments taken from the pond are more toxic to aquatic 
organisms than water and sediments from a reference pond, and (3) whether the aquatic 
cornunity structure in the site pond is simpWied relative to a reference pond. 

Measurement endpoints. Since the identified assessment endpoint is maintaining 
a typical pond community structure, the possibility of directly measuring the condition of the 
plant, fish, and macroinvertebrate communities in the pond was considered. Consultation with 
experts on benthic macroinvertebrates suggested that standard measures of the pond benthic 
invertebrate community probably would be insensitive measures of existing effects at this 
particular site because of the high spatial variation in benthic communities within and among 
ponds of this size. Measuring the f d  community also would be unsuitable, due to the 
limited size of the pond and low diversity of f s h  species anticipated. Since copper is not 
expected to bioaccumulate or biamagnify in this pond. direct toxicity testing was selected as 
appropriate. Because early life stages tend to be more sensitive to the toxic effects of copper 
than older life stages. chronic toxicity would be measured on early life stages. For animals, 
toxicity is defined as a statistically significant decrease in survival or juvenile growth rates 
(measurement endpoints) of a test group exposed to water or sediments from the site 
compared with a test group exposed to water or sediments from a reference site. For plants, 
toxicity is defined as a statistically significant decrease in growth rate (measurement endpoint) 
with the same comparison. 

One toxicity test seiected is a lo-day (Le., chronic) solid-phase sediment toxicity test 
using an early life stage of HyuZeZZu azzecu. The meas- of effects for the test are mortality 
rates and growth rates (measured as length and weight incxwses). Two wacer-column toxicity 
tests will be used: (1) a 7-day test using the alga SeZenasrnun cupricOrnutum (growth test) 
and (2) a 7-day larval fish test using PimephZes promeh (mortality and growth endpoints). 
The H. azteca and f. promelas toxicity tests will be used to determine b effects of copper 
on early life stages of invertebrates and fish in sediment and the water column, respectively. 
The test on S. capricorntizwn will be used to detennine the phytotoxicity of copper in the 
water column. 
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Study design. To answer the questions s t a d  in the problem formulation step, the 
study design specified in the following. The water column tests will be run on 100 perceni 
seep water, 100 percent pond water near the seep, 100 percent reference-site water, and the 
laboratory control. US. EPA test protocols will be followed. Five sediment samples will be 
collected from the-pond bottom at intervals along the observed concentration gradient, from a 
copper concentration of 300 mgkg at the leachate seeps down to approximately 5 m a g  near 
the other end of the pond. The sediment sampling locations wiIl transect the pond at 
equidistant locations and include the point of maximum pond depth. AU sediment samples 
will be split so that copper concentrations can be measured in sediments from each sampling 
location. A reference sediment will be collected and a laboratory control will be run. Test 
organisms will not be fed during the test; sediments will be sieved to remove native 
organisms and debris. Laboratory procedures will follow established protocols and will be 
documented and reviewed prior to initiation of the test. For the water-column test. statistical 
comparisons will be made between responses to each of the two pond samples and the 
reference site, as well as the laboratory control. Statistical comparisons also will be made of 
responses to sediments taken from each sampling location and responses to the reference 
sediment sample. 

Because leachate seeps can be intermittent (depending on rainfall), the study design 
specifies that a pre-sampling visit is required to confirm that the seep is flowing and can be 
sampled. The study design also speciks that both sediments and water will be sampled at 
the same time at each sampling location. 

As the work plan (wp) and sampling and analysis plan (SAP) were feshed  the 
ecological risk assessor and the risk manager agreed on the site conceptual model, assessment 
endpoints, and study design (SMDP). 

STEP 5: FIELD VERlflCAT!ON QF STUDY DESIGN 

A site assessment was conducted two days prior to the scheduled initiation of the site 
investigation to confirm that the seep was active. It was determined that the seep was active 
and that the site investigation could be initiated. 
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S i  historgr. This is the site of a fonner chemical production facility located 
adjacent to a stream. The facility manufactured and packaged dichldphenyleichloroethane 
(DDT). Due to poor storage practices, several DDT spills have occaned. 

Site visit. A preliminary site visit was conducted and the ecological checklist was 
completed. Information gathered indicates that surface water drainage from the site flows 
through several dratnage swales towad an unnamed creek. This creek is a second-order 
stream containing riflle-run areas and small pools. The stream substrate is composed of sand 
and gravel in the pools with some depositional areas in the backwaters and pnmanly cobble 
in the as. 

Problem formulation. previous sampling efforts indicated the presence of DDT 
and its metabolites in the stream's sediments over several miles at concentrations up to 
230 mgfkg. A variety of wildlife, especmUy piscivorous birds, use this area for feeding. 
Many species of minnow have been noted in this stream. DDT is well lcnown for its 
tendency to bioaccumulate and biomagnifjr in food chains, and available evidence indicates 
that it can cause reproductive failure in birds due to eggshell thinning. 

The risk assessment team and risk manager agreed that the assessment endpoint is 
adverse effects on reproduction of high-rrophic-level wildlife, particularly piscivorous birds. 

Ecological effects walarath. Because DDT is weIl studied, a dietary 
concentration above which eggshell thinning might occur was identifkd in existing U.S. EPA 
documents on the ecotoxicity of DDT. Moreovcr, a no-obsemed-adverse-effect-level 
(NOAEL) for the ingestion route for birds as0 was identified 

SEP 2: SCREEhllNGLEVEE EXPOSURE ESTIMATE AND WSK CALCULATION 

Exposure estimate. For the mccning-level exposure estimate. IIIilXimum 
concentrations of DDT identified m the sediments were uscd. To estimate the concentration 
of DDT in forage fish, the maximum concentration in sediments was multiplied by the 
highest DDT bioaccumulation factor relating forage fish tissue concentrations to sediment 
concentrations reported in tbe iiteranue. Moreover, it was assumed that the piscivorous birds 
obtain 100 percent of their diet from the contaminated area. 

Risk caOculation. The predicted concentrations of DDT in forage f s h  were 
compared with the dietary NOAEL for DDT in birds. This risk screen indicated that DDT 
concentrations measured at this site might be high enough to cause adverse reproductive 

A-8 



effects in birds. Thus, transfer of DDT from the sediments to the stream and biota are of 
concern at this site. . .  

I 
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STEP 3: BASELINE RISK ASSESSMENT PROBLEM FORMULATION 

Based on the screening-level risk assessment, potentid bioaccumulation of DDT in 
aquatic food chains and effects of DDT on reproduction in piscivorous birds are known 
concerns. During refinement of the pmbkm, the potential for additional ecological effects of 
DDT was examined. 

Ecotoxicity !iteratarre miw. Pn freshwater systems, DDT can have din%t effects 
on d s ,  particularly aquatic insects. A literature review of the aquatic toxicity of DDT 
was conducted, and a NOAEL and LOAEL identified for the toxicity of DDT to aquatic 
insects. Aquatic plants are not affected by DDT. Additional quantitative infomation on 
effects of DDT on birds was reviewed, partidarly to identify what level of eggsku thinning 
is w l y  to reduce reproductive success. A number of studies have correlated DDT residues 
measured in eggs of birds to increased eggshell thinning and egg loss due to breakage. 
Eggshell thinning of more than 20 p e n t  irppears to result in decreased hatching success due 
to eggshell breakage (Anderson and Hickey, 1972; Dilworth et aL* 1972). Information was 
not available for any piscivorous species of bird. beer (1975) conducted a laboratory 
feeding study using American kestrels. Females fed a diet of 6 mgntg DDE' 
(1.1 mgkgBW-day) produced eggs with shells which were 255 percent thinner than archived 
eggshells collected prior to widespread use of DDT. Based on this information, a LOAEL of 
1.1 mg/kgBW-day was selected to evaluate the effects of DDT on piscivorous birds. 

IExposure pathways, assessment endpoints, and conceptual model. Based 
on knowledge of the fate and transport of DDT in aquatic systems and the ecotoxicity of 
DDT to aquatic organisms and birds, a conceptual model was initiated. DDT buried in the 
sediments can be released to the water column during resuspension and redistribution of the 
sediments. Some diffusion of DDT to the water column from the sediment surface also will 
occur. The benthic community would be an initial receptor for the DDT in sediments, which 
could result in reduced benthic species abundance and DDT accumulation in species that 
remain. Fish that feed on benthic organisms might be exposed to DDT both in the water 
column and in their food. Piscivorous birds would be exposed to the DDT that has 
accumulated in the fish, and could be exposed at levels sufficiently high to cause more than 
20 percent eggshell thinning. Based on this information, two assessment endpoints were 
identified: (1) maintaining stream community structure typical for the stream order and 
location. and (2) protecting piscivorous birds from eggshell thinning that could result in 
reduced reproductive success. 

' DDE is a degradation product of DDT; typically, field mca~urcs of DDT IPC rrponcd BS the S U ~  of the 
concentmuons of DDT, DDE. and DDD (anorher degradatton product). 
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A flow diagram of the exposure pathways for DDT was added to the conceptual model 
(Exhibit A-2). The diagram identifies the primary, secondary, and tertiary sources of DDT 
the site, as well as the primary, secondary, and tertiary types of receptors that could be 
exposed. 

Risk questions. Two questions were developed: (1) has the stream community 
been affected by the DDT, and (2) have fd-chain accumulation and transfer of DDT 
occurred to the extent that 20 percent or more eggshell thinning would be expected in 
piscivorous birds that use the area 

Measurement endpoints. For the assessment endpoint of protecting piscivorous 
birds from eggshell thinning, the conceptual model indicated that DDT in sediments could 
reach piscivorous birds through forage fish. Belted kingfishers are known to feed in the 
stre&. They also have the smallest home range of the piscivorous birds in the area, which 

other species of piscivorous birds. Thus, one can conclude that, if the risk assessment shows 
no threat of eggshell thinning to the kingfisher, there should be minimal or no threat to other 
piscivorous birds that might utilize the site. Eggshell thinning in the belted kingfisher 
therefore was selected as the measure of effect. 

means that more kingfishers can forage entirely from the contamiaated SaeamareathanCan 

- 
Data from the literature suggest that DDT can have a bioaccumulation factor in 

surface water systems as high as six orders of magnitude ( lo6); however, in most aquatic 
ecosystems, the actual bioaccumulation of DDT from the envkonmcnt is lower, often 
substantially lower. Many factors influence the actual accumulation of DDT in the 
environment. There is considerable debate over the parameters of any proposed theoretical 
bioaccumulation model; therefore, it was decided to measure tissue residue levels in the 
forage fish at the site instead of estimating the tissue residue levels in forage h h  using a 
bioaccumulation factor (BAF). 

Existing i n f o d o n  on the distribution of DDT in the stream indicates that a general 
gd ien t  of DDT concentrations exists in the sediments, and five locations could be identified 
that corresponded to a range of DDT concentrations in sediments. Based on infoxmation 
available on fish communities in streams simiiar to the one in the site area, creek chub 
(Sernorifus arromacularrrs) were selected to measure exposure levels for kingfishers. Creek 
chub feed on benthic invertebrates, which are in direct contact with the colltaminatcd 
sediments. Adult creek chub average 10 inches and about 20 grams, allowing for analysis of 
indwidual fish. Creek chub also have small home ranges during the spring and summer* and 
thus it should be possible to relate DDT levels in the chub to DDT levels in the sediments. 
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EXHIBIT A-2 
Conceptual Mode0 for the Stream DOT Site 

I 

MEASUREMENT ENDPOINT 
(DDT concentration in fish 
tissue, exposure point for 

ASSESSMENT 
IENDPOINT 

TERTIARY RECEPTOR H (Rscivorous bird) 

SECONDARY 
RECEPTOR 

(Rsh) 

t 
exposure point for fish and macminvertebmnes, I 

I (Benthic macroinvertebtale 
community S I N C ~ U ~ ~ )  



For the assessment endpoint of maintaining stream community mcture, the selected 
measurement endpoints were several metrics describing the abundance and trophic structurk of 
the stream benthic macroinvertebrate community. 

Study design. The study design specified that creek chub would be collected at 
several locations with known DDT concentrations in sediments. The fsh would be analyzed 
for body burdens of DDT, and the relationship between DDT levels in the sediments and in 
the creek chub would be established. The fish DDT concentrations would be used to evaluate 
the DDT threat to piscivorous birds feeding on the fish at each location. Using the DDT 
concentrations measured in fish that correspond to a LO= and NOAEL for adverse effects 
in birds, the corresponding sediment contamination levels would be determined. Those 
sediment D M  levels then could be used to derive a cleanup level that would reduce threats 
of eggshell thinning to piscivorous birds. 

The study design for measuring DDT residue levels in creek chub specified that 
10 creek chub of the same size and sex would be collected at each location and that each 
creek chub be at least 20 grams, so that individuals could be analyzed. In addition, at one 
location, QNQC r e m m e n s  dictated that an additional 10 f s h  be collected. In this 
example, it was necessary to veri@ in the field that sufficient numbers of creek chub of the 
specified size were present to meet the tissue sampling requirements. In addition. the stream 
conditions needed to be evaluated to determine what fish sampling techques would work 
best at the targeted locations. 

- 

The study design and methods for benthic macroinvertebrate collection followed the 
Rapid Bioassessment Protocol (RBP) manual for level three evaluation (US. EPA, 1989). 
Benthic macroinvertebrate samples were co-located with sampling for fish tissue residue 
levels so that one set of co-located water and sediment samples for analytlc chemistry could 
serve for comparison with both tissue analyses. 

The study design also specified that the hazard quotient (HQ) method would be used 
to evaluate the effects of DDT on the kingfsher during risk characterization. To determine 
the HQ, the estimated daily dose of DDT consumed by the kingfishers is divided by a 
LOAEL of 1.1 mglkgBW-day for kestrels. To estimate the DDT dose to the kingfisher, the 
DDT concentrations in the chub is multiplied by the fish ingestion rate for kingfishers and 
divided by the body weight of kingfishers. This dose is adjusted by the area use factor. The 
area use factor corresponds to the proportion of the diet of a kingfisher that would consist of 
fish from the contaminated afea The area use factor is a function of the home range size of 
kingfishers relative to the area of contamination. The adjusted dose is compared to the 
LOAEL. A HQ of greater than one implies that impaired reproductive success in kingfishers 
due to site conramination is likely, and an HQ of less than one implies impacts due to site 
contaminants are unlikely (see text Section 2.3 for a description of He). 
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STEP 5: FIELD VERIRCATBON OF r n D Y  DESIGN 

A field assessment was conducted and several small fish collection techniques w u c  
used to deteImine which technique was the most effective for Caparring creek chub at the site. 
Collected chub were examined to determine the size range available and to determine if 
individuals could be sexed. 

Seine netting the areas targeted indicated that the meek chub might not be present in 
sufficient numbers to provide the necessary biomass for chemical analyses. Based 011 these 
fmdings, a continpcy plan was agreed to (SMDP), which stated that both the creek chub 
and the longnosed dace ( ~ c ~ s  cammcme) would be cokcted If the creek chub were 
collected at all locations in sufficient numbers, those samples would be analyzed and the dace 
would be relead. If sufficient creek chub could not be collected but suffcient longnosed 
dace could, tbe longnosed dace would be analyzed and the creek chub released. If neither 
species could be collected at all locations in d c i e n t  numben, then a mix of the two species 
would be used; however, for any given site only one species would be analyzed In addition, 
at one location, preferably one with high DDT levels in the sediment, sufficient numbers of 
approximately 20 gram individuals of both species would be collected to allow cornparison 
(and calibration) of the accumulatl 'on between the two species. If necessary to meet the 
analyuc chemistry needs, similarly-Sizes individuals of both sexes of creek chub would be 
pooled. Pooling two or more individuals would be necessary for the smaller dace. The risk 
assessment team decided that the f sh  samples would be collected by electm-shocking. Field 
notes for all samples would document the number of fish per sample pool, sex, weight, 
length, presence of parasites or deformities, and other measllres and might help to explain any 
anomalaus data. 
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S E P  1: SCRE€NONG-L€VEL PROBLEM FORMILBU'hOOM AND ECOLOGICAL 
EFECTS EVALUATION 

Site history. This is a former wasted recycling facility located in a mote  area. 
Oils con taminatPA with polychlorinated biphenyl compounds (PCBs) were disposed of in a 
lagoon. The lagoon was not lined, and the soil is composed mostly of sand. Oils 
contaminated with FCBs migrated through the soil and contaminated a wide area adjacent to 
the site. 

Sib  visit During the preiirmnary site visit, the ecologid ckckiist was compIeted, 
Most of the habitat is upland forest, old field, and successional temstd areas. Biological 
surveys at this site have noted a variety of small mammal signs. In addition, red-tailed hawks 
were observed. 

ProbUem formulation. At least 10 acres surrounding the site are known to be 
. con taminatPA with PCBs. Some PCBs are repductive toxins in mammals (Ringer et al, 
1972; Aukrich et al., 1985; Wren, 1991; Kamrin and Ringer, 1996). When ingested, they 
induce (i.e., increase concentrations and activity of) cazymes in the liver, which might affect 
the metabolism of some steroid h o n e s  (Rice and O'Keefe, 1995). Whatever the 
mechanism of action, several physiological functions that are controlled by steroid hormones 
can be altered by exposure of mammals to PCBs, and reproduction appears to be the most 
sensitive endpoint for PCB toxicity in mammals (Rice and O'Keefe, 1995). Given this 
information. the screening ecological risk assessment should include potential exposure 
pathways for mammals to Pas. 

Several possible exposure pathways were evaluated for mammals. PCBs are not 
highly volatile, so inhalation of PCBs by animals would not be an impartant exposure 
pathway. PCBs in soils generally are not taken up by most plants, but are accumulated by 
soil macroinvertebrates. Thus. herbivores, such as voles and rabbits. would not be exposed to 
PCBs in most of their diets; whereas insectivores, such as shrews, or omnivores, such as deer 
mice. could be exposed to accumulated PCBs in their diets. FCBs also are known to 
biomagnify in terrestrial food chains, therefore, the ingestion exposure route needs evaluation, 
and shrews andlor deer mice would be appropriate mammalm . receptors to evaluate in this 
exposure pathway. 

Potential reproductive tfftcts on predators that feed on shrews or mice also would be 
imponant to evduate. The literature indicated that exposure to m s  h u g h  the food chain 
could cause reproductive impaimem in prtdatory birds through a similar mechaais mas in  
mammals. The prey of red-tail hawks include voles, deer mice, and various instctS. Thus, 
this raptor could be at risk of adverse reproductive effects. 
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E d Q g h I  effects ewaOuatiosr. NWbservtd-adverse4feCt levels (NOAELS) for 
the effects.of PCBs and other contaminants at the site on mammals, birds, and other biota . 
wexe identifed in the literaane. 

I 
STEP 2: SCREENINELEVEL EXPOSURE ESTlMATE AND RISK CALCUUTlON 
. Exposum a m - .  For the Saeening-level risk calculation, the highest PCB and 

other contaminant levels measured on site were used to estimate exposures. 

Risk calculation. The potential contaminants of concern were screened based on 
NO- for exposure routes appropiate to each contaminant Based on this screen, PCBs 
were coIlfirmed to be the only contamiaants of concern to d mammals, and possibly to 
birds, based on the levels m e a s u r e d  at this site. Thus, at the SMDP, the risk manager and 
lead risk assessor decided to continue to Step 3 of the ecological risk assessment process. 

I 
I 

s%EB 3: BASEUNE RISK ASSESSMENT PROBLEM FORMULATION 

The screening-level ecological risk assessment confirmed that PCBs are of concern to 
small mammals based on the levels measured at the site and suggested that predatory birds 
might be at risk from PCBs that accumulate in some of theirmammal;an prey- 

Ecotoxicity Bit@mture mhu. A literanue review was conducted to evaluate 
potential reproductive effects in birds. PCBs have been implicated as a cause of reduced 
reproductive success of piscivorous birds (e.g., connorants, terns) in the Great Lakes (Kubiak 
et al., 1989; Fox et al., 1991). Limited infonnation was available on the effects of 1-s to 
red-tailed hawks. A study on American kestrel indicated that consumption of 33 m&gBW- 
day PCBs resulted in a significant decrease in sperm concentration in male kestrels (Bird et 
al.. 1983). Implications of this decrease for mating success in kestrels was not evaluated in 
the study, but studies on other bird species indicate that it could increase the incidence of 
infertile eggs and therefore reduce the number of young fledged per pair. The Great Lakes 
International Joint Commission (UC) recommends 0.1 mg/kg total PCBs as a prey tissue level 
that will protect predatory birds and mammals (UC, 1988). (This number is used as an 
illustration and not to suggest that this particular level is appropriate for a given site.) 

Exposure pathways. The complete exposure pathways identified during Steps 1 
were considered appropriate for the baseline ecological risk assessment as well. 

Assessment endpoints and conceptual model. Based on the screening-level 
risk assessment for small mammals and the results of the ecotoxicity literature search for 
birds, a conceptual model was initiated for the site, which included consideration of predatory 
birds (e.g., red-tailed hawks) and their prey. The ecoiogical risk assessor and the risk 
manager agreed (SMDP) that assessment endpoints for the site would be the protection of 
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small mammals and predatory birds from reproductive impairment caused by PCBs that had 
accumulatd in their prey. 

. .  

An exposure pathway diagram was developed for the conceptual model to idenufy the 
exposure pathwaysby which predatory birds could be exposed to PCBs originating in the soil 
at the site (see Exhibit A-3). While voles may be prevalent at the site, they are not part of 
the exposure pathway for predators because they are herbivorous and PCBs do not accumulate 
in plants. Deer mice (Peromyscus manicdatus), on the other hand, also are abundant at the 
site and, being omnivorous, are likely to be exposed to PCBs that have accumulated in the 
insect component of their diet. Reliminary calculations indicated that environmental levels 
likely to cause reproductive effects in predatory birds are lower than those likely to cause 
reproductive effects in mice because mice fetd lower in the food chain than do raptors. The 
assessment endpcunt was therefore restricted to r e m v e  impairment in predatory birds. 

Risk C ~ U @ O ~ S  Based on the conceptual model, one question was whether 
predatory birds could consume a high enough dose of PCBs in their diet to impair their 
reproduction. Given the presence of red-tailed hawks on site, the question was refined to ask 
whether that species could consume sufficient quantities of PCBs in their diet to affect 
reproduction. 

SEP 4: MEASUREMENT ENDPOIIPWS AND STUDY DESlGN 

Measurement endpoints. To determine whether PCB levels in prey of the red- 
tailed hawk exceed levels that might impair their reproduction, PCB levels would be 
measured in deer mice taken from the site (of all of the species in the diet of the red-tailed 
hawk, deer mice are assumed to accumulate the highest levels of PCBs). Based on estimated 
prey ingestion rates for red-tailed hawks, a total PCB dose would be estimated from the 
measured PCB concentrations in the mice. 

Study design. The available measures of PCB concentrations in soil at the site 
indicated a gradient of decreasing PCB concentration with increasing distance from the 
unlined lagoon. Three locations along this gradient were selected to measure PCB 
concentrations in deer mice. The study design specified that eight deer mice of the same size 
and sex would be coliected at each location. Each mouse should be approximately 20 grams 
so that contaminant levels can be measured in individual mice. With concentrations measured 
in eight individual mice, it is possible to estimate a mean concentration and an upper 
confidence limit of the mean concentration in deer mice for the location. In addition, QAIQC 
requirements dictate that an additional eight deer mice should be collected at one location. 

For this site, it was necessary to verify that sufficient numbers of deer mice of the 
specified size would be present to meet the sampling requirements. In addition, habitat 
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EXHIBIT A-3 
ConceptoraO Model for the BsosestrrlaU PCB Site 
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conditions needed to be evaluated to determine what bapping techniques would work at the 
targeted locations. 

The study design specified further that the hazard quotient (Ha method would be 
used to estimate tk risk of reproductive impairment in the red-tailed hawk from exposure to 
PCBs in their prey. To determine the HQ, the measured DDT concentrations in deer mice is 
divided by the LOAEL of 33 mgfltgBW-day for a decrease in sperm concentration in kestrels. 
To estimate the dose to the red-tailed hawk, the PCB concentrations in deer mice is 
multiplied by the quantity of deer mice that could be ingested by a red-tailed hawk each day 
and divided by the body weight of the hawk. This dose is adjusted by a factor that 
corresponds to the Proportion of the diet of a red-tailed hawk that would come from the 
Colltarmnated area. This area use factor is a function of the home m g e  size of the hawks 
relative to the area of contamination. A HQ of greater than one implies that impacts due to 
site contamination are likely, and an HQ of less than one implies impacts due to site 
contaminants are unlikely. 

STEP 5: FIELD VERIFBCATION OF STUDY DESIGN 

A field assessment using several trapping techniques was conducted to determine (1) 
which technique was most effective for capturing deer mice at the site and (2) whether the 
technique would yield sufficient n u m b  of mice over 20 grams to meet the specified 
sampling design. On the first evening of the field assessment, two survey lines of 10 live 
traps were set for deer mice in typical old-field habitat in the area believed to contain the 
desired DDT concentration gradient for the study design. At the beginning of the second day, 
the traps were remeved. Two deer mice over 20 grams were captured in each of the survey 
lines. These results indicated that collection of deer mice over a period of a week or less 
with this number and spacing of live traps should be adequate to meet the study objectives. 
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promote a- of biological and ccolog.lcal issues 

develop a biological sampling plan 
define bioloplcal sampling methods and equipment 
idenufy and collc~r suitabke qaalrty asumncdquahg #nrpol (QAIQC) samples 
interpret and present the aualyucal and biologcal data 

e definctht ~ 0 f c o l l c Q n a n d ~ d a t a ~ l y 0 ~ ~ )  

The Nauonal Conungcncy Plan (NCP) rcqums that short-term rrtponsc (runoval) ettions conuibutc to the efficimt 

biolopcal sampling should be CondllElcd P a me. and if so. what samples will a ~ u s t  pgram personnel in the colkctian 
of information required 10 make such a damnmuon. 

performance of any long-term slte rcmcdumon, to tht utunt appiicablc. Use of this docmnan will help dctarntnt - i f  

Idmtificatron and asscsmnt of pomtial envmmmcnral threats arc Imponant elmttmr for the Site Managcr to uudasmd. 

on the performance of ecoloprtal asssmcnt scmnrng approaches. mom detailed ecoiogrcal -t approaches. and 
biological sampling methods. 

ThCsC actlnocs can be accomplrshcd ttpough ecpioplcal asscJzments such as holoptEal sampling. 'Jhis docuwnt focuses 



1.1 OBJEmVk AND SCOPE 

e h m c n t  attainment of clean-up goals 

Envrmmcnral threats may k mdepndcm dhPlnan 
health heats. whcthcr hey co-exm at a site or arc the 
resule of the same causauw a m  It is therefore 
important to detmntne and doEIlmcnt pomuai. 
substanual. andlor immmcnt thrrats 10 IJK envuOnmmt 
W p ~ a r ~ i y  rm thrrarr 10 human ticalth 

Reprcscnt~avesamplq- rhatazamplt ora group 

Rcprewnutlve holopcal samplrnp and ccolo~cal risk 
assessment include. but arc not lnnrted to. thc collauon 
of SIR rnformauon and the collecuon of samples for 
ehrrmcal or toxicoioprcal analyses. Biologrcal tampiing 
is dependmi upon specific SI& rrqurrrments dunng 
lrmrlcd rrsponte amom or in ancrpcy rrsponse 
snuauons. Applymg thc mahods d follaxmg 
anwonmd infonnauon as dried in this donmrau. 

chcmrcal spill incrdcnu). 

of sample aculmely C h a r a c W n ~  Ute condIuo11s. 

QUI facllrtatc tf# tkclslon-maicing process (cg, dunng 

1 

1.2 RISK ASSESSMENT OWERWEW 
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Thc nsk assesmcni proccrs aL0 rnvolvts tht 
ldlcntifiEa0on of assessment and mesutrrmmt mdpDtnts. 
Assessmrnl endpotrus are u p h t  cxprrruoas of tk 
actual t n V V a n m a r r a l ~ ~  (e.&. ecOloglcal rcsmnas) 
thatarctobeprotaud. Amtaftrrrmcmcndpomtka 
measurable biological response to a s~~cuot tbac can be 
related to the valued characirnsuc chosen as the 
assessment cndpoinl (US EPA 1997). Biolopcal 
samples arc c o l k u d  from a ulc to rcpmcnt these 
measurement endpoints. Sec Secuon 22 for a dtdled 
discussion of assessment and mearurrmtnl endpornu. 

2 



1.4 

0 

0 

0 

e Potential Exposme pathways 
- w- 

waste cotuined in the pi& on the 
hazardous Waue *: s o i l ~ i e s  Acof 

the waste pile: drum dump; or area of 
agnarlnval aaMy 

dust and porncrrhru from pi&. 
d n a n d u m p . o r a r m q f ~ ~  

soiiMernuuepiL.drumdPmp.oramaOf 
agmulruml ~ ~ l l y  and sugkce w u r  
downmcom of ZWKLI 

inhalanon 

absorpnddirm contact 

0 

0 

0 

0 

0 Potmual Migrauon pathways - air fpaniruiates and gases)from dnun dnmp 
ond area of agrrcrrlurml a a i ~ r r y  
soil frunoB frorr, the irraordovs w e  site. 
drum dump. and agnaJnrrol runt# 

- sulfare water (nwr  & bkc)fmm hazadous 
waste site a d  agnculruml run@ 

- groundwater faqnifer) from dmRI dvRlp 
leachate. 

- 
0 

0 
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2.0 BIOLOGICBYECOLOGICAL ASSESSMENT APPROACHES 

To dcmmine which holopical acIKrmcm appach or 
colnbmaoon ofapproachts is rppropriaoc fora given site 
or situation. several tanors must k amsidaed n#ze 

10 be made based on the Qlta: twhar arc the study 
objtcuva; and what should be the appropMse Iml of 
dlon to obtain knowledge of confaminant fatd uaayxm 
and ec0tOXlClty .  

mcludc what InanagCmQlt decisions will uhimarcly a d  

2.2 - RISK EVALUATION 

6 

22.3.1 Reference Area Selection 



. .  

22.32 Receptor Selection 

e 



2.2.3.4 Chemical1 Residue Studies 

Residue studtcs arc appmpnate to usc when rhm IS 

concern about the accumulasum of coatammants m the 
tissues of indigenous spemes. Rcsidw nudies are 
conducrtd bydhcmrg urpnsms of one or mom apems 
and companng the contarmnant bmaccmwhon data to 
those orpn~mu collected from a reference area. 

8 



22.3.5 PopulationlCornmunity 
Response Studies 

22.3.6 Toxicity TestingBioassays 

The dtclsions thar will k based on thc results 
ofthermdy 
7hc ecolopal setting of the site e 

a 7hc conlamtnam(s) of e- 

Toxlcny mung can k conduaed ana variety of sample 
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3.0 BIOLOGICAL SAMPLING METHODS 

3.1 CHEMICAL RESODUE S l U D E S  

When collecong oqamsms for tissue analysts. it is 
m u d  that the mtsntrrd levels dcontantrnanu in the 
organum arc ambutable to a parocah locanon and 
contamfMnt level withtn h e  ne. Collecuon ueimiqucs 
mus bc eMLuared farthar pounwd to bias the gcnaatcd 
data. Collection methods can rtsult m somc fonn of 
b d d a c a a t h e r  by the sue. sex. or urdividual health of 
the orgamsm ColEecuon tcchnques are chosen based on 
the hahtai present and the sp#ics of imacP. Whm 
rcprrscnrauwapproachcs~notpnaical.rtrcpoun~ 
b w  m u  be ldcnufied and considered whcn dnrtvtng 
conclusrons from the dam. The use of a pamcular 
collecoon technrqueshauld nM k confused with the d 
to target a "class" of indrvlduals wlthm a popuhtton for 
collecuon. For example. m a s p a i k  study it may be 
desnable to coiiect only males of the species or to collea 
fish of consumable uzt. 

11 
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3.1.1.1 Comparability Considerations 

I 

Trap placement is a ~ E Y  t lantnt when collecting 
samples. vanous muhods of trap placement can be 
utilized. These mnclUQ. but arc not limited to: 

Q sip mcthodlBest set method 
0 

0 

Paceline mcthod 
Gnd method 

12 



3.1.1.3 Fish 

Elccaofishing can k doac using a ba&pack-mountcd 
elecaoshocka unit. a shorr-based unit, or- a boat 
usingcithcrtypc. Ei- . gdocsrratworlLinaaiinc 
waters and can be ineffective in my saft water. 
Elccnofrshing is less effective m deep water wherr the 
fish can avoid the cumnt In turbid waters, it nray k 
difficult to sce tbe smnncd fd. 

Gill nemng is a highly dTcEtive passrvc collection 
lechrtlqrrc for a widc mnge of habitats. B m n v  of its low 
visibility under water. a gill net capturrs fish by 
entangling their gill plates as they attempt to swim 
through tht area in which the gill net has bem placed in. 
Unfonunarely. this may result m fish to k m j d  or 
killed due u, funhcr entanglement. predauon. or fatigue. 

The sue  and shape of f s h  captured isrelative to the size 
and kind of mesh used in the net tlnrs cresting bias 
towyds a m n  s1Dd fish. These llffs arc typ~caIly used 
in shallow waters. but mayurcnd to dcpttrr uccc&ng 50 
meters. Thc sampttnp area should be fke of obrauEoons 
and floating dtbns. and provide little to no current. 
(Hurben 1983) 

13 

3.4.1.4 Vegetation 



3.4.2 m p E e  Handling and 
Prepration 

Cl-p of the dl- met (ir, dcpuraooa) of me 
o r p m  m m  then k accomplished pnor to the 
chemical analysis. The spccxfu tkpnmam procbdprrs 
will vary mth each rype af orpwsrn b t  all mvohe 
allowmg the organsin to QE~COC waste poduas in a 
manner in which the products may not be rungcstccl. 
absorbcd. or deposited back oluo the olpamsm. 

B~olopcal samples should be handled with carmoll to 
avoid personal injury. exposure to drcrau, parasucs. or 
sample COnt7lminaUon Personal protccuon such as 
plows should k warn when W n p  anmuk and uaps 
10 rcducc ttfc transfer of sccnts or olls from ctlc hand to 

uap. whch could cause an avordancc rtactlon in the 
rarpted animals. 

Samples co lked far blolopcal evaluation must k 
treated m tht same manner as abioac LBmples (is.. the 
same hcalth and safety guidclims. decontamurauon 
protocols. and procedurrs far prcvcnung cross- 

14 

The rqmuncnt far split samples or otha QA samples 
must k deDermrned . priortosamphgtocnsurca 
QlffiEient volume of sampk is collecpd Chapter 4.0 
dizruczK the seicction and use of QAQC samples. 



Papulauon/commun~tyrrsponscmtdiesarca commonly 
utilncd field xcccccmmt appmach. 'Ihe decision to 
conQaapopulanonlcommunilyrrsponsesrudyisbapcd 
on the typds) of mntammants. the time availabk to 
conduct the study. thc type of communities potentially 
present ai the site. and the tlmc of year of the mdy. 
These studies am most co1IpM)IIJy coaduad on non- 
amnnrd or long-tam rcmcdlllEl on-rype*activities. 
Dunng lmtcd o m  frsme rspon#s. however, a 
populauon/community s p ~ v y  or scrrcning level mrdy 
may be useful for providing infamation abwt potamal 
impacts assoctatcd with a site. 

. .  

32.1 Terrestrial VeWrate Sreweys 

15 



322.1 Rapid Bioasesmen! Protocols 
for Benthic Communities 

In the US. EPA Rapid BE- Prnocol (REP), 

evaluated. a numcncal score IS dcularrd. and the swrc 
is compared to prrdttcnnmed values. A rrvinV of the 
sco~ts. together wth habnat ascsmmtand mtpbysd 
and chemical data support a detammauon d impact. 
U.S. EPA Refncncc (May. 198%) prrscntt ?he 
calculauon and inlerprrrauon of scores. 

Vanous coIIIpofK?llts of thc canrmpluty and habital a 

Standard protocols. including the RBP. have been 
developed lo facilitate urrveymg BMIs to dernmmt 
onpact rapdy. T h e s ~  protocols use a sandarr( apapacfi 
to reduce the amount of ume spent colletuag and 
analyung samples. Rotocols range from a r u m y  
of the benthos (protocol I)  to a da%ilcd bbomory 
classrfication analysts (Protocol Im. Protacol I may k 
conduaed in several hours: Rotocol II 1s mort mtcnswc 
and focuses on major taxonomic levels; and Rotocol III 
may requuc numerous hours 10 process each sample to a 
p t c r  level of wonomtc and collyrm~l~y -t 
resolwon. Thcse protocols arc used to dttcrnmn 
cormnrmity hcaIth and btolopcal condit~m wa tolapnfc 

16 
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322.4 Equipment for Benthic Surveys 



32.3.1 Rapid Bioassessment Protocols 
for Fish Biosurveys 

33 TOXICIN BEm 

17 

. .  



18 



Longworth live aap 

19 



m r m m m m  6 

20 



4.0 QUALITY ASSURMCWQUALITY COWROL 

4.2 DATA CATEGORUES 

Screening dura arc gentrared lby rapid, less 
mcthods of analysis wth I C s  rigorous OBmplC 
prrparaum Sample prrparauon stcpr may k tcsmctd 
to simple procedures & as diiuaon with a solvent. 
rather than an etaborarc Umactionldigestion and cl+anup. 
AI least I O p c f i c n t a f t h e ~ g d a r a ~ c o n f i n n t d  
using the aaalyucal mcthods and QMQC pnrcedurrs and 
cntem assoaated wnh Miniirivc data Snamng data 
without -aud Confinnaaoa data arc not coastdcrrd 
to bc d m  ofknown quality. To be acccpbk SQeening 
data must mciudc the followmg 

0 cbnofcunody  
8 rniual and contlnuing calibnuron 
e analyteldcntification 
0 anaiyaquantificatron 

21 

4.3 SOURCES OF ERROR 
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4.35 

D~*opran-*-Pw-=P=-t 
habaat citmdmcc by Srapg out of thc WaOcT body near 
the samphng locsaons. ?ht use of ay pwicpts 
rechruque may introduce judgment error mto thc 
sampkng regmen ddom rmpropcrty. For all rechnupcs, 
sampling should be conducted from the downsPcam 
location to the upmwm locauon to avoid comamuwon 
of the upsmam stattons. Dara comparabibty is 
m n m n e d  by uung smkar collccuon mctbods and 
sampling efforts ai all stauons. 

Rapid broassessments tn fhe fEld should include rwo 
QNQC prondures. 1 ) collectlon of rcplicau samples at 
muons i o  check on the accuracy of the collecuon effa,  
and 21 repear a ponlon (typically 10%) mount and' 
reidcniification for accuracy. 

For tissue analyses. iools and othcr sampling eqlllpment 
should be dedicated IO each sampk. or mun be 
dtconlarninattd bawccn uses. To mold contammation. 
samph containers must be compatible wth the rnmdtd 
tisue matnx and analysis. 

4.3.3 Sample Heterogeneity 

43.4 

22 



4.4.1 Replicate Samples 

I , 
B 
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Benthic t n m b r a t a  wue colkaed from Wee areas at 
each samplrng locauon (I.c.. three "rrphcares" per 
locauon) and evaluated fur vanous quantrgtln 

IO deterrmnc the spaual vanability in the sueam among 
the three arcas wrthin each samphng locauon. 

evenness. an evdrrauon of the function f d n g  8roops. 

C ~ ? / m c r n C s  rnpnposc0fLhestrrplicaco~ 

commumry nnrcnm. dnremty indias. gxonomrc 

andstatlstlcal anal~wcrrpafolmedonthcdaxasct. 

24 
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4.4.2 Collocated Samples 



4.q.4 Rinsate Blank Samples 

4.4.5 Field Blank Samples 

Field blanks arc samples prepad m tbc field usxng 
cerufied clcan watcrorsandthat arc thn!Submraed to tht 
laboratory for analyus. A field blanir is used to evaluate 
coruam~naiion or errof Buouatcd with sampling 
mnhodology. prrxrvaU0h handlin@shlppl* and 
latmmyprocedum. Ifapptopnatcforthsttst.submit 
one field blank per day. 

4.4.6 Trig Blank Samples 

I 

I 
I 
B 
I 
I 
I 
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MSlMSDs are a rquved QNQC clement of thc 
dcfmmvt data objccuves. MSIMSDs should afcompany 
evay 10 samples. Since the MSMSDs am spiked field 
samples. sufficient volume for three separate analyses 
must bc provided. Orpn lc  analysis of tlrupc SmpkS u 
frqucntly SUbjtct to matrix intufemccs ~~IC! I  caws 
btased analpcal results. Mauu spike rccovcnes arc 
o h  low or show poor precision tn uwc tamplcs. The 
rnatnx inicrfcrenccs wiIl be evuicnt m thc mamx spllrt 
results. Although metals analyus of ~ISSUC Lamplcs IS 
usually not SUbjcCl to these intufwcnas, MyMSD 
samples should be UUW lo momtor mahod and 
laboratory perionnancc. some d y o c a l  paramacrs 
Such a~ p ~ ~ ~ n t  Irpids. manic carboa, and WC-S~ZC 
dstnbuuon arc exempt f rm MS/MSD analyses. 

4.52 Data Validation 

26 
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5.0 DATA ANALYSIS AND INTERPRETATION 

5.2 DATA PRESENT'AlDQN AND 
ANALYSIS 

In m y  cases. before dcscnptk Sratistics arr catculated 
from a data set it IS useful P uy vanmas gnphrcol 
displays of thc raw datk lbe p p b d  displayr hdp 
pi& the chotcc of any aansfommiom of the 
data set and the xldon of appmpriatc staascics to 
summanze the data. Since most staurncal procedurrs 
rrqunt sumnarysraasucs calculared from adam set. it is 
rmpoMntrtrarthCnmun;aryRaunics~trhemmt 
data xt. For examplc the muim my k a more 
appropnaic measure of ccnaal lcndcncy than the mean 
for a data xt that con- ouhas. GraphrcaJ cisplay of 
a data su could mndxate the d to log mnsfonn data so 
hat symmcay indtcaus a normal dsmbuoon. Four of the 
most useful graphical techniques arc described next 

A histogram IS a bar graph that displays the distribuaon 
of a data sa. and p v l d t s  domation repdmg the 
locanm ofthc - Qfthtsampk alnown ofdl!spaslon. 
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If h e  cvaluatron is pursued to an scologd risk 

.. - 
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A) Histogram 

UBI DATA 

12 25 33 56 
12 24 34 58 
14 26 35 
95 24 36 
16 24 35 
22 27 38 
2u 23 41 
23 20 42 

C) Whisker Plot 
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are: 

1. SiteDescnpnon 

I 
B 
I 

IV. Aquauc Habitat Checklist - Rotwing Syacms 

V. Wetlands Habitat Checklist 
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Checklist for Ecological AssessmentlSampling 

1. Site Name: 

Location: 

2. Latitude: Loagitude: 

4. Is h s  the fun ntc vsit? !2 ycs 0 no If no. a!zach tnp rrport of prevtoos site visit(s), if available. 

Datets) of prrvtous site vdt(s): 

5 .  Please attach 10 the ch&list USGS topographic map(s) of the site. if available. 

6. Arc acnai or 0th- site photographs available? 0 yes 3 no If yes. please macb any available photo(s) to thc site 
map af Ihe concluuon of ths scctmn. 
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7. Ihtlaadosonthetioeis 

% Urban 

(Des&; note if it u 4 pmk. ere.) 

- Agricultural Usc 

- Natural' Events 

Please describe: 
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13. If known, what IS the approximate depth to tht water table? 

14. IsLhcdrrrcuonofsuifaccrunoffapparrntfrw!sitcobsavauons? 0 ycs 0 no Ifyestowhichofthefollowing 
does rhc surf= runoff dscharge? Irdirnr all that apply. 

z SUrraccwaIa 

15. Is thne a navigable watcbdy or tributary to a navigabie watabody? 

n collection- 
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19. Arc any thrtawtedantUor cndangaed speck (plant o r d )  b o r n  to inhabit the area ofthc sire? 0 yes 0 DO 
rfves. you are required to urn this infinnation with the UJ. Fish and Wildlife S e k  If spuics' idanitk arc 
known. plcase ltrt them next. - 

20 Record weather condruons at the urn thrs chtcklst was prrpared. 

DATE 
I 
B Temperature ('C/"F') Normal daily high tcmpmmc 

Wlnd (dlfccuon/spted) Rccrpttation (rain. snow) 

Cloud cover 
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Complcled by Affiliation 

Addiuonal Reparers 

Site Manager 

Date 
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. .  

Domiaant plaat ifhown: 

w. smuB/scRm 

1. Is shrub/rcnrb vtgemon prcwnt at the urc?D yesD no If no, go to Saooa IIC: Opn Field. 

2. What pcrrenqe of the sitt is covered by rmblshrpb vcpnauon? ( -% - acres). Indrcate the tncas of 
shrub/xrub on the site map. Please i h u f y  what rnformauon was used to delnmrne this aea. 

3. What IS the domurant of rnuMslxub vegetatron, rf known? h v &  a phoqr@. if available. 

4. what is the approximue average height of the tauWsbrub vcgcmion? 

D 02fL 0 2-5 k 0 >sfL 
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PIC 

0 Sparse 

3. What i t l a  the donunant plant(s)? provide a photograph. if available. 

m. 

2. Descnbe the vmnnal miscellaneous habitat(s) and idmtify thcs =(s) on thc site map. 

I 
I 
I 
I 
I 
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6. Ifknown. what is thc depth of the water? 

7. what is the general composition of tbe spbsnaot? chcck dl drat apply. 

C Bedrock 0 Sand(co8lsC) 0 Mnck(hdblack) 

Z Boulder (>IO in.) c Silt(tine) EDebris - 

E Cobble (2.5- 10 in.) S MarI(she1ls) 0 h n u  

C Gravel (0.1-23 in.) G Clay (slick) 0 Colicme 

C Other (specify) 

39 



Dissolved oxygen 

Salmity 

Turbidny (clear. slightly nrrbid. turbid. opaque) (Sccchi disk depth - (spsify) 

1 

12 Descnbe obxrvcd color and area of colorauon 

13. Mark the open-water. non-flowng system on the uk map sttached to this ckckhsL 
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2. Ifknown,whatisthcnamcofttrtwaterbady? 

L ~thn(&ci fy )  

5 What is the condition of the bank kg.. Lql~t. slope. extent of vegetative cava)? 

6. Is he system influenced by ti&? fi yes D no What ~nf&on was used to make this determination? 
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3. what typ(s) of vegetation arc mat in rhc wetlaad? 

OEmagCnt 
n Woodcd 

6. Is thm ew&ncc of f l d i n g  at the sttc? what obscrvatlons mrc noted? 

5 Bunresung n watermarks 0 Mudcracks 

Z Dcbns line 0 orha (cksaik klow)  
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APPENDIX 5 - Example of Flow Diagram Foe Conceptual Site Model 

Figure B-1 
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Figure 8-2 
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Figure 8-3 
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A preliminary site viut was conducted. and the checkkt indicated du following: I )  the pond has an organic sobmrtt. 
2) emerpnr vepcwon mcludmg cattail and P h g m r e s  #xpn along rtrt sborr acar tbc kchate seeps. and 3) the pond 
reaches a depth of five fecr toward the middle. Sevcral zpecrcs of d k h .  rnmnows. and carp were observed. A drvasc 
k n h c  macrornvenebratccommunityalso has btcn noted mthcpond 'Ihcpondappars to funaaaasa va&abk 
habitat for fish and other wildlife. 

Preliminary sampling indicatcd tlevatcd copper levels in the seep as well as devaDed b catioas, total orpanic Earbon 
floc). and depressed pH tevels (pH 5.7). 

!' 

A review of the l imitwe on thc ccotoxiciry ofcupperto Bqttluic biotaand piano. both algae aadvattular. was 
condud.  in pncra) It was found that young orgmsms arc more sensit& tocupperwith decrtasing Jcnsipviey as 
body weight mcrcascs. 'The toxicity of coapam water is l n n u e n c e d  bywatcrhardbts.alkalinuy. and pH. 

f 
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HII. CQMCEPTUAL SITE MODEL FQRMUJLATPON 
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Imually. a sampling feasibility study was condumd to c d m  glfficam llpmk15 af the dea mice. Two sorycy lincs of 
10 live traps w m  set for deer rmce m the area kheved to conram the dcsucd CoLICclltllltcm gnuiuntforthc study 
design. Rcwous infommon md- a p d m t  of dccmsmg X B  collccmratian with inaraSing disrance from the 
unlined lagoon. Three locauons were sckcctd along thrs gradrent to measure FCB conccnaaaom in prey. Co-lacatd 
soil and waur samples were also ccrllcctcd. The analyucal ~ u l u  of lhcsc m;rmccs were utilroed as varisbles in a food 
chain accumulairon model which prrdrcted the m o a t  of contam8nant m the c8mmmmt chat may uavd through tht 
food chain. ulumately 10 the Rdtaiied hawk. 
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A literature search is c o n d d  to obtain information on contaminants of concern, 
their potential ecological effects. and species of concern. This appendix is separated into two 
sections; Section C-1 desuibes the information necessary for the literature review portion of 
an ecological risk asses ma^ Topics include idonnation for exposure profiles, 
bioavaihbility or biocan#ntiation factors for various compounds, life-history infoxmarion for 
the species of concern or the mumgate species, and an ecological effects pmfde. Section C-2 
lists information sources and techniques for a literamre search and review. Topics include a 
discussion of how to select key words on which to base a search and various sources of 
infomation (Le., databases, scientific abstracts. literatme reviews. journal articles. and 
government docmnents). Threatened and endangexed species are discussed separately due to 
the unique databases and idormation sources available for these species. 

Prior to conducting a literature search, it is important to detCrmine what information is 
needed for the ecological risk assessment. The questions raised in Section PI must be 
thoroughly reviewed the information neccSSary to complete the assessment must be 
determined, and the purpose of the assessment must be clearly defined Once these activities 
are completed, the actual literaarre search can begin. These activities will assist in focusing 
and streamlining the search. 

C-l UTERAWRE REVUEW FOR AN ECOLOGBCAL RISK ASSESSMENT 

Specific information. During problem formulation. the risk assessor must 
determine what information is needed for the risk assessment. For example, if the risk 
assessment will estimate the effects of lead contamination of soils on terrestrial vertebrates, 
then literature information on the effects of dissolved lead to fish would not be relevant. The 
type and form of the contaminant and the biological species of concern often can focus the 
literature search. For example, the toxicity of organometallic compounds is quite different 
from the comparable inorganic forms. Different isomers of organic compounds also can have 
different toxic effects. 

Reports of toxicity tests should be reviewed critically to ensure that the study was 
scientifically sound. For example, a repon should specify the exposure routes. measures of 
effect and exposure, and the full study design. Moreover. whether the investigator used 
accepted1 scientific techniques should be determined. 

The exposure route used in the study should also be comparable to the exposure route 
in the risk assessment. Data reported for studies where exposure is by injection or gavage are 
not directly comparable to dietary exposure studies. Therefore, an uncertainty factor might 

- 
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need to beincluded in the risk assessment study desi&, or the toxicity report should not be 
used in the risk assessment. 

To use some data reported in the literature, dose conversions are neceSSary to estimate 
toxicity levels for-species other than those tested. Doses for many laboratory studies are 
reported in terms of mg contaminantflrg diet, sometimes on a wet-weight basis and sometimes 
on a dry-weight basis. That expression should be c o n v d  to mg contaminant/kg wet 
bodyweight/day, so that estimates of an equivaIent dose in another species can be scaled 
appropriately. Average ingestion rate and wet body weight for a species often are reported in 
the original toxicity study. If not, estimates of those data can be obtained from other 
literature sources to make the dose conversion: 

Dose = (mg ccmtaminant/kg diet) x ingestion rate (kg/day) x (l/wet body weight (I@). 

If the contaminant concentration is expressed as mg contaminantkg dry diet, the ingestion 
rate should also be in terms of kg of dry diet ingested per day. 

Exposure profile. Once contaminants of concern am selected for the sological risk 
assessment, a general overview of the contaminants’ physical and chemical properties is 
needed. The fate and transport of contaminants in the environment determines how biota are 
likely to be exposed. Many contaminants undergo degradation (e.g., hydrolysis, photolysis, 
microbial) after release into the environment. Degradanon can affect toxicity, persistence, 
and fate and transport of compounds. Developing an exposure profde for a contaminant 
requires information regarding inherent propemes of the con taminant that can affect fate and 
transport or bioavailabiiity. 

BioavailabMty. Of particular importance in an ecological risk assessment is the 
bioavailability of site contaminants in the environment. Bioavailability influences exposure 
levels for the biota. Some factors that affect bioavailability of contaminants in soil and 
sediment include the proportion of the medium composed of organic matter. grain size of the 
medium, and its pH. The aerobic state of sediments is important because it often affects the 
chemical form of contaminants. Those physical properties of the media can change the 
chemical form of a contaminant to a form that is more or less toxic than the original 
contaminant. Many contaminants adsorb to organic matter. which can make them less 
bioavailable. 

Environmental factors that influence the bioavailability of a contaminant in water are 
important to aquatic risk assessments. Factors including pH, hardness, or aerobic status can 
determine both the chemical fonn and uptake of contaminants by biota. Other environmental 
factors can influence how organisms process contaminants. For example, as water 
temperatures rise, metabolism of f s h  and aquatic invertebrates increases, and the rate of 
uptake of a contaminant from water can increase. 
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If the literature search on the conraminants of concern reveals information 011 the 
bioavailability of a con-& then appropriate bioaccumulation or bioconcentmion factor6 
(BAFs or BCFs) for the contaminants should be determined. If not readily available in the 
literaaue, BAF or BCF values can be estimated from studies that wort contaminant 
concentrations in both the environmental exposure medium (e.g., sediments) and in the 
exposed biota (e.g., benthic macroinvcrtebrates). Caution is v, however, when 
extrapolating BAF or BCF values estimated for one ecosystem to another ecosystem. 

Lwe hSstory. Because it is impossible and unnecessary to model an entire ecosystem, 
the selection of asesmmt endpoints and associated species of concern, and measurement 
endpoints (including those for a sumgate species if necessary) are €imdamental to a 
successfulriskassessment. Thisprocessisdescnbed - inSqs3and4 .  Onceassesmmtand 
measurement endpoints are agreed to by the risk assessor and risk manager, life history 
information for the species of concern or the surrogate species should be collected. Pattern 
of acti\iity and feeding habits of a species af€ect their potential for exposure to a Conraminant 
(e.g., grooming activities of small mammals, egestion of bone and hide by owls). Other 
important exposure factors include food and water ingestion rates, composition of the diet, 
average body weight, home range size, and seasonal activities such as migration. 

Ecological effects profile. Once contaminants and species of concern are selected 
during problem formulation, a general overview of toxicity and toxic mechanisms is needed. 
The distinction between the species of concern repnxenting an assessment endpoint and a 
surrogate species representing a meammnemt endpoint is imponant. The species of concern 
is the species that might be thrratened by contaminants at the site. A surrogate species is 
used when it is not appropriate or possible to measure attributes of the species of concern. A 
surrogate for a species of concern should be sufficiently similar biologically to allow 
inferences on likely effects in the species of concern. 

The ecological effects profde should include toxicity information from the literature 
for each possible exposure route. A lowest-observed-adverse-effect level (LOAEL) and the 
no-observed-adverse-effect level (NOAEL) for the species of concern or its surrogate should 
be obtained. Unfommately, LOAELs are available for few wildlife species and contaminants. 
If used with caution. toxicity data from a closely related species can be used to estimate a 
LOAEL and a NOAEL for a receptor species. 

C-2 IMFOWMAllON SOURCES 

This section describes information sources that can be examined to find the 
information described in Section 3-1. A llogical and focused literature search will reduce the 
time spent searching for pertinent information. 
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A first step in a literam search is to develop a search strategy, including a list of key 
words. The next step is to review computerized databases, either on-line or CD-ROM-based 
i n f o d o n  systems. These systems can be searched based on a number of parameters. 

Scientific abstracts that contain up-to-date listings of current, published i n f o d o n  
also are usefd informarion sources. Most abstracts are indexed by author or subject. 
Toxicity studies and infoxmation on wildlife life-histories often are summarized in literature 
reviews published in books or peer-reviewed journals. Ori@ reports of toxicity studies can 
be identified in the literature section of published documents. The original article in which 
data are reported must be reviewed before the data are cited in a risk assessment. 

Key words. Once the risk assessor has prepared a list of the specific information 
needed for the risk assessment, a list of key words can be developed. Card catalogs, 
abstracts. on-line databases, and other reference materials usually are indexed on a limited set 
of key words. Therefore, the key words used to search for information must be coIlsidered 
carefully. 

UseN key words include the contaminant of concern. the biological species of 
concern, the type of toxicity information wanted, or other associated words. In addition, 
related subjects can be'used as key words. However, it usually is necessary to limit 
peripheral aspects of the subject in order to narrow the search. For example, if the risk 
assessor needs information on the toxicity of lead in soils to moles, then requiring that both 
"lead" and "mole" are among the key words can focus the Iiteraturt search. If the risk 
assessor needs infoxmation on a given plant or animal species (or group of species), key 
words should include both the scientific name (e.g., gems and species names or order or 
family names) and an accepted common name(s). The projected use of the data in the risk 
assessment helps determine which key words are most appropriate. 

If someone outside of the risk assessment team will conduct the literatme search, it is 
important that they understand both the key words and the study objectives for the data 

Databases. Databases are usually on-line or CD-ROM-based information systems. 
These systems can be searched using a number of parameters. Prior to searching databases, 
the risk assessor should determine which dambase(s) is most Iikeiy to provide the information 
needed for the risk assessment. For example, US. Environmental Protection Agency's 
(EPA's) AQUIRE database (AQUatic Information REtrieval database) provides information 
specifically on the toxicity of chemicals to aquatic plants and animals. PHYTOTOX includes 
data on the toxicity of contaminants to temstrial and aquatic plants. and TERRETOX 
indudes data on toxicity to terrestrial animals. US. EPA's IRIS (Integrated Risk Information 
System) provides information on human health risks (e.g., references to original toxicity 
studies) and regulatory information (e.g., reference doses and cancer potency factors) for a 
variety of chemicals. Other useful databases include the National Library of Medicine's 
HSDB (Hazardous Substances Data Bank) and the National Center for Environmental 
Assessment's HEAST Tables (Health Effects Assessment Summary Tables). Commercially 
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available databases include BIOSPS (Biosciences Infoxmation Services) and ENVIROLDE 
Another database, the US. Public Health Service’s Registry of Toxic Effects of Chemical . . 
Substances (RTECS) is a compilation of toxicity data extracted from the scientific literam 
and is-also available online. 

Several states have Fish and WMge History Databases or Academy of Science 
databases, which often provide useful information 011 the life-histories of plants and animals 
m the state. State databases are particularly useful for obtaining information on endcmic 
organisms or geographically distinct habitats. 

Databases searches can yield a large amount of information in a short period of time. 
Thus, i f thekeywordsdonot~~demibetheinfo~onneeded,databasesearches  
can provii a large amount of irrelevant information. Access fees and on-line fees can apply; 
therefore, the selection of relevant key words and an mganized approach to the search will 
reduce the time and expense of on-line literature searches. 

Am-. Published abstract compilations (e.g., Biological Abstracts, Chemical 
Abstkts, Applied Ecology Abstracts) contain up-to-date iistings of clfRwlt, published 
information. Most abstracts are indexed by author or subject. Authors and key words can be 
cross-referenced to identify additional publications. Abstract compilations aix, include, for 
each citation, a copy of its abstract from the jouraal or book in which it was published. 
Reviewing the abstracts of individual citations is a relatively qurck way to detennine whether 
an article is applicable to the risk assessment. As with computerized database searches, it is 
imponant to determine which abstract compilations are most suitable for the risk assessor’s 
information needs. 

Published abstract compilations that are indexed by author are particularly useful. If 
an author is known to conduct a specific type of research, their name would be referenced in 
the abstract for other articles on similar subjects. If the risk assessor considers an abstract 
pertinent to the assessment, the original anicle must be remeved and reviewed before it can 
be cited in the risk assessment. Othenvise, the results of the risk assessment could be based 
on incorrect and incomdete information about a studv. 

Abstracts usually must be searched manually. which can be a very time consuming. 
The judicious use of key words can help to reduce the amount of time needed to search 
through these volumes. 

Literature review publications. Published literature reviews often cover toxicity 
or wildlife information of value to an ecological risk assessment. For example, the U.S. Flsh 
and Wildlife Sentices (US FWS) has published several contaminant-specific documents that 
list toxicological data on terrestrial, aquatic, and avian studies (e.g., Eider, 1988). The US. 
EPA publishes ambient water quality criteria documents (e.g., W.S. EPA, 1985) that list all 
the data used to calculate those values. Some literannc reviews critically evaluate the original 
studies (e.g.. toxicity data reviewed by N O M ,  1990). The WirCirife Exposure Frrcrors 
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Handbook (US. €PA, 1993a.b) provides pertinent information on exposure factors (e.g., body 
weights, food ingestion rates, dietary composition, home range size) for 34 selected wildlife' 
species. 

Literature =views can provide an extensive amount of infonnation. However, the risk 
assessor must obtain a copy of the origmal of any studies identified in a literanuc review that 
will be used in the risk assessment. The on@ study must be reviewed and evaluated 
before it can be used in the risk assessment. Otherwise, the results of the risk assessment 
could be based on incorrect and incomplete information about a study. 

References cited in previous studies. Pertinent studies can be identified in the 
literanuscited section of published documents that are relevant to the risk assessment, and 
one often can identify several investigators who work on related studies. Searching for 
references in the literature cited section of published documents, however, takes time and 
might not be very effective. However, this is probably the most common approach to 
identifying relevant literature. If this approach is selected, the best place to s m t  is a review 
article. Many journals do not list the title of a citation for an article, however, lixniting the 
usefulness of this technique. Also, it can be difficult to retrieve literature cited in obscure or 
foreign journals or in unpublished masters, theses or doctoral dbsmatim. Although this 
approach tends to be more time consuming than the other literature search appraaches 
described above, it probably is the most common approach used to locate information for a 
risk assessment. 

- 

- 
Journal articles, books, government doc~rments. There are a variety af 

journals, books, and government ducuments that contain information ~ ~ f u l  to risk 
assessments. The same requirement for reuieving the original reports for any information 
used in the risk assessmeat described for other i n f o d o n  sources applies to these sources. 

Threatened and endangered species. Threatened and endangered species are of 
concern to both federal and state governments. When conducting an ecological risk 
assessment, it often is necessary to determine or estimate the effects of site contaminants to 
federal threatened or endangered species. In addition, other special-status species (e.g., 
species listed by a state as endangered or threatened within the state) also can be the focus of 
the-assessment. During the problem formulation step, the US. FWS or state Natural Heritage 
programs should be contacted to determine if these species are present or might be present on 
or near a Superfund site. 

Once the presence of a special-status species is confirmed or considered likely, 
information on this species. as well as on surrogate species, should be included in the 
literature search. There are spcdfic federal and state programs that deal with issues related to 
special-status species, and o h  there is more infamarion available for these than for non- 
special-status species used as sumgates for an ecological risk asesment. Nonetheless, the 
use of SuTIDgate species usually is necessary when an assessment endpoint is a special-status 
species. 
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In the biological sciences, statistical tests often are needed to suppart decisions based 
on alternative hypotheses because of the nawal variability io the systems under mvestigation. 
A statistical test examines a set of sample data, and, based 011 an expected distribution of the 
data, leads to a decision  or^ whether to accept the hypothesis underlying the expected 
distribution or whether to reject that hypothesis and accept an alternative one. The null 
hypothesis is a hypothesis of no differences. It u s d y  is formulated for the express purpose 
of being rejected. The alternative or test hypothesis is an qerat iod statemtat of the 
investigator’s research hypothesis. An example of a null hypothesis for toxicity testing would 
be that mortality of water fleas exposed to water from a con- area is no different 
than mortality of watex fleas exposed to water from an otherwise similar. but uncontaminated 
area. An example of the test hypothesis is that mortality of water fleas exposed to water 
from the contaminated area is higher than mortality of water fleas exposed to u n c o n m  
water. 

D-I TYPE I AND TYPE IU ERROR 

There are two types of correct decisions for hypothesis testing: (1) accepting a true 
null hypothesis, and (2) rejecting a false null hypothesis. There also are two types of 
incorrect decisions: rejecting a true null hypothesis, cailed Type I UTOG and accepting a false 
null hypothesis, called Type 11 error. 

When designing a test of a hypothesis, one should decide what magnitude of Type I 
error (rejection of a true null hypothesis) is acceptable. Even when sampling from a 
population of known parameters, the% are always some sample sets which, by chance, differ 
markedly. If one allows 5 percent of samples to lead to a Type I error, then one would on 
average reject a uue null hypothesis for 5 out of every 100 samples taken. In other words, 
we would be confident that, 95 times out of 100, one would not reject the null hypothesis of 
no difference ”by mistake” (because chance alone produced such deviant results). When the 
probability of Type I error (commonly symbolized by a) is set at 0.05, this is called a 
significance level of 5 percent. Setting a significance level of 5 percent is a widely accepted 
convention in most experimental sciences, but it is just that, a convention. One can demand 
more confidence (e.g., a = 0.01) or less confidence (e.g., a = 0.10) that the hypothesis of no 
difference is not rejected by mistake. 

If one requires more confidence for a given sample size that the null hypothesis is not 
rejected by mistake (e.g., a = 0.01), the chances of Type II error increase. In other words, 
the chance increases that one will mistakenly accept a false null hypothesis (e.g., mistakenly 



believe that the contaminated water fiom the site has no effect on mortality of water fieas). 
The probability of Type II error is commonly denoted by B. Thus: 

p (Type I error) = a 
P (Type II-emr) = B 

However, if one tries to evaluate the probability of Type PI error (accepting a false hypothesis 
of no difference), there is a problem. If the null hypothesis is false, then some other 
hypothesis must be true, but unless one can specify a sccond hypothesis, one can't determine 
the probabfity of Type II emr. This leads to another important statistical consideration, 
which is the power of a study design and the statistical test used to evaluate the results. 

The power of a staristical test is equal to (1 - p) and is equal to the probability of 
rejecting the null hypothesis (no difference) when it should be rejected (Le., it is false) and 
the spe&ed alternative hypothesis is true. Obviously, for any given test (e.g., a toxicity test 
at a Superfund site), one would like the quantity (1 - /3) to be as large as possible (and to 
be as small as possible). Because one generally cannot specify a given alternative hypothesis 
(e.g., mortality should be 40 percent in the exposed population), the power of a test is 
generally evaluated on the basis of a continuum of possible alternative hypotheses. 

Ideally, one would specify both a and p before an experiment or test of the hypothesis 
is conducted. In practice, it is usual to specify a (e.g., 0.05) and the sample size because the 
exact alternative hypothesis cannot be specified.' Given the inverse relationship between the 
likelihood of making Type I and Type 11 errors, a decrease in a will increase for any given 
sample size. 

To improve the statistical power of a test (i.e., reduce p), while keeping a constant, 
one can either increase the sample size ON) or change the nature of the statistical test. Some 
statistical tests are more powerful than others, but it is important that the assumptions 
required by the test (e.g., n o d t y  of the underlying distriition) are met for the test results 
to be valid. In general. the more powerful tests rely on more assumptions about the data (see 
Section D-3). 

Alternative study designs sometimes can improve statistical power (e.g., stratifid 
random sampling compared with random sampling if something is known about the history 
and location of contaminant release). A discussion of Merent statistical sampling designs is 
beyond the scope of this guidance, however. Several references provide guidance on 
statistical sampling design, sampling techniques, and statistical analyses appropriate for 
hazardous waste sites (e.g., see Cochran, 1977; Green, 1979; Gilbert, 1987; Ott, 1995). 

' With a spcdfrcd alternative hypothesis, once a and the sample size (N) arc set, B is determined. 
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b e  also can improve the power of a statistical tcst if the test hypothesis is more 
specific than "two populations are different," and, instead, predxts the direction of a 
differwce (e.g., modity  in the exposed p u p  is higher than mortality in the control groupj. 
When one cau predict the direction of a difference between groups, one uses a one-tailed 
statistical test; otherwise, one must use the less powerfui two-tailed version of the test. 

(3) 

(4) 

Highlight ID-2 
b y  Points About StapisticCpB Significance, Power, and Sample Size 

Tbe significance level for a mitistid test, a, is the probability that a stathid test will 

that the site medium is toxic when it is m fact not toxic tothe test organisms). 

yield a value under which the null hypothesis will be rejected when it is m fact uue. 
In other wards, a defines the probability of committing Type I crror (e.&, concluding 

The value of is the probability that a statistical test will yield a value under which thc 
null hypothesis is Bccepted when it is in fact fake. Thus, p ddim the probabiiity of 
committing Type II error (eq.. concluding that the site medium is not toxic when it is 
in fact toxic 10 the test organisms). 

The power of a statistical test (Le.. 1 - p) indicates the probability of rejecting the nuIl 
hypotheses when it is false (and therefore should be rejected). Thus, one wants the 
power of a statistical test to be as high as possible. 

Power is related to the nature of the staudcal &st chosen. A one-tailed test is more 
poweiful than a two-tailed tcst. If the alternative to the null hypothesis can state the 
expected direction of a difference between a test and controi group, one can use the more 
powerful one-tailed test 

The power of any statistical test increases with increasing sample size. 

D-3 STATlSTBCAL MODEL 

Associated with every statistical test is a model' and a measurement requirement. Each 
statistical test is valid only under certain conditions. Sometimes, it is possible to test whether 1 the conditions of a panicular statistical model are met, but more often, one has to assume that 
they are or are not met based on an understanding of the underlying w o n  and sampling 
design. The conditions that must be met for a statistical test to be valid often are referred to 
as the assumptions of the test. 

The most powerful statistical tests (see previous section) are those with the most 
extensive assumptions. In general, parametric statistical tests (e.g., t test, F test) are the most 
powerful tests, but also have the most exacting assumptions to be met: 

a 
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(1) The "observations" must be xndependerit; 

(2) The "observations" must be dram from a population that is normally 
distributed; 

The populations must have the same variance (or in special cases, a known 
ratio of variances); and 

- 
(3) 

(4) The variables must have been measured at least on an intend Scale so that it is 
possible to use arithmetic operations (e.g., addition, multiplication) on the 
measured values (Siegel, 1956). 

The second and third assumptions are the ones most often violated by the types of data 
associated with biological hypothesis testing. Often, distributions are positively skewed (Le., 
longer upper than lower tail of the distribution). Sometimes, it is possible to transfom data 
from positively skewed distriiutions to normal distributions using a mathematical function. 
For example, many biological parameters turn out to be log-normally distributed (Le.* if one 
takes the log of all measures, the resulting values are normally distributed). Sometimes, 
however, the underlying shape of the distribution cannot be normalized (e.g., it is bimodal). 

When the assumptions required for parametric tests are not met, one must use 
nonparametric statistics (e.g., median test, chi-squared test). Nonparametric tests are in 
general less powerful than parametric tests because less is known or assumed about the shape 
of the underlying distributions. However, the loss in power can be compensated for by an 
increase in sample size, which is the concept behind ~lpeasufes of powerefficiency. 

Power-efficiency reflects the increase in sample size necessary to make test B (e.g.* a 
nonparametric test) as efficient or powerful as test A (e.g., a parametric test). A power- 
efficiency of 80 percent means that in order for test B to be as powerful as test A, one must 
make 10 obsentations for test B for every 8 obsentations for test A. 

For further information on statistical tests, consult references on the topic (e.g., see 
references below). 
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